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ABSTRACT
The purpose o f  t h i s  s tu d y  was t o  d e te r m in e  the  e f f e c t  o f  i n i t i a l  
c a r d i o v a s c u l a r  c o n d i t i o n ,  type  o f  c o n d i t i o n i n g  program, and f re q u e n c y  
o f  e x e r c i s e  upon g a in  in  H a rv a rd  S tep  T e s t  s c o r e s .  The sco re  o b t a i n e d  
on the  i n i t i a l  H a rv a rd  Step T e s t  by the s u b j e c t  was c o n s id e r e d  h is  
i n i t i a l  c a r d i o v a s c u l a r  c o n d i t i o n .  The type  o f  c o n d i t i o n i n g  program was 
e i t h e r  s i x t y  seconds o f  i s o m e t r i c  e x e r c i s e s  or  a o n e -m in u te  run;  the  
f re q u e n c y  o f  t r a i n i n g  p e r io d s  were e i t h e r  two, t h r e e  or  f i v e  days per  
w e e k .
The i n v e s t i g a t o r  used 2k0  male p h y s ic a l  e d u c a t io n  s tu d e n ts  
a t t e n d i n g  L o u is i a n a  S t a t e  U n i v e r s i t y  o f  Baton Rouge, L o u i s i a n a ,  f o r  
the  s u b j e c t s  o f  h is  s t u d y .  A l l  s u b j e c t s  were randomly s e l e c t e d .
Twelve  groups o f  tw en ty  s t u d e n ts  each p a r t i c i p a t e d  in c o n d i t i o n ­
ing e x e r c i s e s  under  d i f f e r e n t  types o f  t r a i n i n g  s c h e d u le s .  A l l  groups  
were measured i n i t i a l l y  and t e r m i n a l l y .  In a d d i t i o n  to  these  t e s t s  
the running groups were measured w e e k ly  on runn ing  p er fo rm ance  and 
the i s o m e t r i c  groups were measured e v e ry  two weeks.
The tw e lv e  t r a i n i n g  s c h e d u le  groups i n v o lv e d  in the s tu d y  were
v a r i e d  as t o  i n i t i a l  c a r d i o v a s c u l a r  c o n d i t i o n ,  ty p e  o f  t r a i n i n g  program,
and f re q u en c y  o f  t r a i n i n g  sch ed u les  : -* the  f o l l o w i n g  manner:
Group I n i t i a l  Frequency
L e t t e r  A c t  i v i ty  Condi t i  on o f  T r a i n i n g
A I s o m e t r i c  Above A verage  5 days per  week
B I s o m e t r i c  Below A verage  5 days p e r  week
x i  i
Group
L e t t e r A c t i v i  ty
In i  t  i a 1 
Cond i t  i on
F re q u en cy  
o f  T r a i n i n g
C 1so m etr  i c Above A v e r a g e 3 days p e r week
D 1so m etr  i c B e low  A v e r a g e 3 days p e r week
E 1s o m e t r  i c Above A v e ra g e 2 days p e r week
F 1s o m etr  ic Be 1ow A v e r a g e 2 days p e r week
G Runn i ng Above A v e r a g e 5 days p e r week
H Runn i ng Be low  A v e r a g e 5 days p e r week
1 R u n n i ng Above A v e r a g e 3 days p e r week
J Runn i ng Below A v e r a g e 3 days p e r week
K Runn i ng Above A v e r a g e 2 days p e r week
L Runn i ng Below A v e r a g e 2 days p e r week
The s t a t  i s t  i ca l d e s ig n  used t o  a n a l y z e t h e outcomes o f  t h i s
s tu d y  was a t h r e e  f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e .
The r e s u l t s  o f  th e  i n v e s t i g a t i o n  w e r e ;
1 .  As measured  in  t h i s  s t u d y ,  t h e r e  was no d i f f e r e n c e  in  th e
e f f e c t i v e n e s s  o f  an i s o m e t r i c  c o n t r a c t i o n  e x e r c i s e  
p ro g ra m  and a r u n n in g  p rogram  o f  t r a i n i n g  in  d e v e l o p i n g  
c a r d i o v a s c u l a r  c o n d i t i o n .
2 .  I n d i v i d u a l s  in  b e lo w  a v e r a g e  c a r d i o v a s c u l a r  c o n d i t i o n  te n d e d
t o  g a i n  more than  th o se  in  abo ve  a v e r a g e  c o n d i t i o n ,  b u t  
d u r i n g  th e  p e r i o d  o f  s t u d y  th e  b e lo w  a v e r a g e  g ro u p  d i d  
n o t  o b t a i n  th e  p h y s i c a l  c o n d i t i o n  o f  th e  above a v e r a g e  
g r o u p .
3 .  Improvem ent  in  c a r d i o v a s c u l a r  c o n d i t i o n ,  as measured  in
t h i s  s t u d y ,  in c re a s e d  as th e  f re q u e n c y  o f  p r a c t i c e  
p e r io d s  i n c r e a s e d .  
k .  S t r e n g t h  and ru n n in g  pe r fo rm a n c e  w e re  d i r e c t l y  r e l a t e d  to  
f re q u e n c y  o f  p r a c t i c e  p e r io d s  w i t h i n  t h e  l i m i t a t i o n s  o f  
t h i s  s tu d y .
CHAPTER I
INTRODUCTION
One o f  t h e  p r i m a r y  o b j e c t i v e s  o f  any p h y s i c a l  e d u c a t i o n  program  
is  t h e  d e v e lo p m e n t  o f  t h e  f i t n e s s  o f  i t s  p a r t i c i p a n t s .  A h i g h  d e g r e e  
o f  c a r d i o v a s c u l a r  e f f i c i e n c y  is  g e n e r a l l y  r e g a r d e d  as an i n t e g r a l  
f a c t o r  in th e  d e v e lo p m e n t  o f  t h e  t o t a l  f i t n e s s  o f  an i n d i v i d u a l .
In t h e  n a t i o n  t o d a y ,  t h e  p ro b le m  o f  a l a c k  o f  p h y s i c a l  f i t n e s s  
o f  o u r  p e o p le  i s  i n c r e a s i n g l y  e v i d e n t .  We a r e  c o n t i n u o u s l y  a w a re  o f  
t h e  d e t r i m e n t a l  e f f e c t  o f  a push b u t t o n  s o c i e t y  on o u r  p h y s i c a l  
we 1 I - b e  i n g .
The i m p o r t a n c e  o f  t h i s  p ro b le m  can be more r e a d i l y  u n d e r s to o d  in  
l i g h t  o f  t h e  P r e s i d e n t i a l  im petus  p l a c e d  in t h i s  a r e a .
The s t r e n g t h  o f  o u r  dem ocracy  is  no g r e a t e r  t h a n  t h e  c o l l e c t i v e  
w e l l - b e i n g  o f  o u r  p e o p l e .  The v i g o r  o f  o u r  c o u n t r y  is  no s t r o n g e r  
th a n  t h e  v i t a l i t y  and w i l l  o f  a l l  o u r  c o u n t r y m e n .  The l e v e l  o f  
p h y s i c a l ,  m e n t a l ,  m o r a l  and s p i r i t u a l  f i t n e s s  o f  e v e r y  A m e r ic a n  
c i t i z e n  must be o u r  c o n s t a n t  c o n c e r n .
The need f o r  i n c r e a s e d  a t t e n t i o n  t o  t h e  p h y s i c a l  f i t n e s s  o f  
o u r  y o u t h  i s  c l e a r l y  e s t a b l i s h e d .  A l t h o u g h  c o d a y ' s  young p e o p le  
a r e  f u n d a m e n t a l l y  h e a l t h i e r  t h a n  t h e  y o u t h  o f  any p r e v i o u s  
g e n e r a t i o n ,  t h e  m a j o r i t y  have  n o t  d e v e lo p e d  s t r o n g ,  a g i l e  b o d i e s .  
The s o f t e n i n g  p r o c e s s  o f  o u r  c i v i l i z a t i o n  c o n t i n u e s  t o  c a r r y  on 
i t s  p e r s i s t e n t  e r o s i o n .
John F .  Kennedy ,  "A P r e s i d e n t i a l  M e s s a g e , "  Y o u th  P h y s i c a l  
Fi t n e s s , P r e s i d e n t ' s  C o u n c i l  on Y o u th  F i t n e s s ,  W a s h i n g t o n ,  D . C . ,  
J u l y ,  1 96 1 .
1
22
M e t c a l f  has s t a t e d  t h a t  i f  the  t h r e a t  o f  s o f t  l i v i n g  is not met
by t h e  r i g h t  cho ices  o f  a m a j o r i t y  o f  the  p e o p le ,  i t  would seem t h a t  the
r e s p o n s i b i l i t y  to  combat these  problems f a l l s  to the  p h y s ic a l  e d u ca to r  
and o t h e r  le a d e rs  to  see t h a t  communit ies to  meet these  issues .
These problems not  o n ly  b r i n g  to  l i g h t  the  e x i s t i n g  p r o b l e m a t i c a 1 
a re a  o f  what to  do to  become f i t ,  but a much deeper  problem o f  th e  
methodology o f  a c h ie v in g  t h i s  end.
One o f  the  p r im a ry  concerns o f  persons who a r e  engaged in the
i n s t r u c t i o n  o f  p h y s ic a l  a c t i v i t i e s  is th e  d is c o v e r y  o f  new methods f o r
im prov ing  per form ance  in th e s e  a c t i v i t i e s .  O f t e n t im e s ,  t h e o r i e s  which  
we b e l i e v e  to  be sound and which produce the  d e s i r e d  r e s u l t s  a re  
accepted  as th e  s o le  means to a d e s i r e d  end. T h is  ma/ not  always be 
t r u e .  In f a c t ,  these  methods may n o t ,  in a c t u a l i t y ,  be the most  
p r a c t i c a l  o r  p r o d u c t i v e  in the  long run.
W i th  t h i s  thought  in mind p h y s ic a l  e d u c a t o r s ,  a t h l e t i c  coaches,  
t r a i n e r s ,  m ed ica l  d o c to rs  and a l l  i n t e r e s t e d  in th e  promotion o f  
f i t n e s s  should endeavor  t o  d i s c o v e r ,  by means o f  r e s e a r c h ,  th e  most 
s c i e n t i f i c  and p r o d u c t i v e  methods o f  c o n d i t i o n i n g .
I .  STATEMENT OF THE PROBLEM
I t  was th e  purpose o f  t h i s  study to  d e te r m in e :
1. The r e l a t i o n s h i p  o f  i n i t i a l  c a r d i o v a s c u l a r  c o n d i t io n
to  th e  ga in  ach ieved  d u r in g  a seven week p e r io d  o f  t r a i n i n g .
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H a r la n  G. M e t c a l f ,  " F i t n e s s  Through R e c r e a t i o n . 11 Jo u rn a l  o f  
Hea 1 t h . P h v s i c a 1 Educat ion  and R e c r e a t i o n . 28 (Septem ber ,  1 9 5 7 ) ,  32 .
2 .  The e f f e c t  o f  an i s o m e t r i c  program o f  e x e r c i s e ,  a d m i n i s t e r e d
a t  v a r y i n g  f r e q u e n c i e s  p e r  week,  upon c a r d i o v a s c u l a r  
c o n d i t i o n  as measured by the H a r v a r d  S t e p  T e s t .
3 .  The e f f e c t  o f  a one m in u te  r u n ,  a d m i n i s t e r e d  a t  v a r y i n g
f r e q u e n c i e s  p e r  week,  upon c a r d i o v a s c u l a r  c o n d i t i o n  as 
measured by the H a r v a r d  S te p  T e s t .
4 .  The s i g n i f i c a n c e  o f  d i f f e r e n c e  between an i s o m e t r i c  and a
ru n n in g  program in  the  d ev e lo pm ent  o f  c a r d i o v a s c u l a r  
e n d u r a n c e .
5 .  The e f f e c t  o f  v a r y i n g  f r e q u e n c i e s  o f  t r a i n i n g  upon th e  g a i n
in H a rv a r d  S ep T e s t  sc o re s  o f  c o l l e g e  men.
I I .  0€L IM IT A T IO N  OF THE STUDY
The s u b j e c t s  o f  t h i s  s tu d y  were o f  random s e l e c t i o n .  These  
s t u d e n t s  were e n r o l  1 2d in  the  g o l f  and t e n n i s  s e c t i o n s  o f  P h y s ic a l  
E d u c a t i o n  4 o r  14 a t  L o u i s i a n a  S t a t e  U n i v e r s i t y .  A l l  g o l f  s e c t i o n s  
were  used t o  compose th e  v a r i o u s  groups engaged in  i s o m e t r i c  t r a i n i n g  
p ro g ra m s .  S t u d e n t s  e n r o l l e d  in  t e n n i s  p a r t i c i p a t e d  in  th e  program  o f  
ru n n in g  a c t i v i t i e s .
P a r t i c i p a n t s  in  the  s tu d y  w ere  i n s t r u c t e d  t o  r e f r a i n  from  
en g ag in g  in  any p h y s i c a l  a c t i v i t i e s  o t h e r  than  those  r e q u i r e d  in  th e  
p h y s i c a l  e d u c a t i o n  c l a s s .  However ,  no means o f  c h e c k in g  o u t s i d e  
a c t i v i t i e s  was p o s s i b l e .  In  a d d i t i o n  t o  th e s e  f a c t o r s  d i e t ,  s l e e p ,  and  
d a i l y  a c t i v i t i e s ,  e t c .  c o u ld  no t  be s t a n d a r d i z e d .
kV a r s i t y  a t h l e t e s  and s tu d e n ts  p a r t i c i p a t i n g  in  in t ra m u ra l  
a t h l e t i c s  were exc lud ed  from t h i s  s tu d y .
111. DEFINITION OF TERMS
Bench P r e s s . An e x e r c i s e  des igned to  deve lop  the p e c to r a l  is 
m ajor  and minor  muscles,  the d e l t o i d s  and the  t r i c e p s .  The i n d i v i d u a l  
assumes a sup ine  p o s i t i o n  and grasps the  bar  which should  be from 
e i g h t  to  tw e lv e  inches above the s ternum . A maximum e f f o r t  is then  
e x e r t e d  a g a i n s t  the bar  f o r  ten seconds.
Dead L i f t . An i s o m e t r i c  e x e r c i s e  des igned to develop  the back 
muscles and e x te n s o rs  o f  the l e g s .  The s tu d e n t  p laces  the bar  j u s t  
below the kneecap and l i f t s  s t r a i g h t  up f o r  ten  seconds.  The back 
should  be kep t  as s t r a i g h t  as p o s s ib le  and the head up.
E x p e r im e n ta l  G roups . The e x p e r im e n ta l  groups r e f e r r e d  to  in 
t h i s  s tudy a r e  one o r  more o f  the tw e lve  groups o f  s u b je c ts  t h a t  
p a r t i c i p a t e d  in d i f f e r e n t  types o f  t r a i n i n g  schedules throughout  the  
tes  t i ng per i o d .
Forearm C u r l . Th is  e x e r c i s e  is des igned to  develop  the b iceps  
and c o r a c o b r a c h ia t  is m usc les .  During the e x e r c i s e  the s t u d e n t ,  in an 
e r e c t  p o s i t i o n ,  p laces  the upper arm a g a i n s t  the body e x ten d in g  the 
forearm s p a r a l l e l  to  the  f l o o r .  Ne then grasps the bar  and a t te m p ts  
t o  b r in g  i t  to  h is  c h e s t .
I s o m e t r i c  C o n t r a c t i o n . A m uscular  c o n t r a c t i o n  in which th e re  is 
no s h o r t e n in g  o f  the muscle f i b r e .
I s o m e t r i c  G roups . The i s o m e t r i c  groups r e f e r r e d  to  in t h i s
5s tu d y  a r e  one o r  more o f  the  s i x  groups  o f  s t u d e n t s  engaged in  the  
i s o m e t r i c  program o f  e x e r c i s e .
Leg C u r l . An i s o m e t r i c  e x e r c i s e  in  w h ich  the  s u b j e c t s  w ork  in  
p a i r s .  One s u b j e c t  assumes a prone p o s i t i o n ;  as t h i s  s u b j e c t  a t t e m p t s  
t o  f l e x  the l e g s ,  h i s  p a r t n e r  r e s t r a i n s  h im .
Leg E x t e n s i o n . For t h i s  e x e r c i s e  the  b a r  is  p la c e d  a p p r o x i m a t e l y  
g r o i n  l e v e l .  From a s u p in e  p o s i t i o n  and w i t h  the  h ips  d i r e c t l y  b e n e a th  
the  b a r ,  the  s t u d e n t  p l a c e s  h i s  f e e t  a g a i n s t  the  b a r  and e x e r t s  p r e s s u r e  
v e r t  i c a l ! y .
Running G ro u p s . The ru n n in g  groups r e f e r r e d  t o  in  t h i s  s tu d y  a r e  
one o r  more o f  th e  s i x  groups  o f  s t u d e n t s  engaged in  th e  one m in u te  
ru n n in g  program p e r fo rm e d  a t  v a r y i n g  f r e q u e n c i e s  p e r  w eek .
Running P e r f o r m a n c e . T h ro u g h o u t  t h i s  r e p o r t ,  an i n d i v i d u a l ' s  
ru n n in g  p e r fo r m a n c e  w i l l  r e f e r  to  the  d i s t a n c e  he has c o v e r e d ,  t o  th e
n e a r e s t  y a r d ,  in  one m in u te  o f  t i m e .
S h o u ld e r  S h r u g . An i s o m e t r i c  e x e r c i s e  d e s ig n e d  to  d e v e lo p  th e  
d e l t o i d  and t r a p e z i u s  m u s c le s .  The s t u d e n t  p la c e s  the b a r  a t  a l e v e l  
in  w h ich  h i s  arms a r e  c o m f o r t a b l y  e x t e n d e d  and r e s t i n g  in  f r o n t  o f  
h im .  He then  a t t e m p t s  to  r a i s e  the  b a r  c o n t r a c t i n g  the  muscles  
men t  i oned a b o v e .
S t r e n g t h . The d eg re e  w i t h  which a m uscle  o r  g roup  o f  muscles  
can e x e r t  f o r c e  th ro u g h  c o n t r a c t i o n .
Torque  T a b l e . The D r u r y - B r o u s s a r d  Torque  T a b l e  is  an i n s t r u m e n t  
d e s ig n e d  to  measure a t r e n g t h  th rough  th e  use o f  t o r q u e - m e t e r s . An
i l l u s t r a t i o n  o f  th e  t a b l e  can be seen in  A p p e n d ix  NN.
Group L e t t e r i n g . For th e  rem a in d e r  o f  t h i s  r e p o r t ,  the  
c l a s s i f i c a t i o n  o f  the t w e l v e  d i f f e r e n t  t r a i n i n g  groups w i l l  be on an 
a l p h a b e t i c a l  b a s i s .
Group I n i t i a l  Frequency
L e t t e r  A c t  i v i t y  Cond i t  ion_____________________ o f  T r a  i n ing
A Is o m e t r  ic Above Average 5 days per week
B 1somet r i c Below A verage 5 days pe r week
C 1somet r i c Above Average 3 days per week
D 1so m e t r i  c Be low Average 3 days pe r week
E 1somet r  i c Above A verage 2 days per week
F 1somet r i c Be low Average 2 days per week
G Runn i ng Above Average 5 days per week
H Runn i ng Be low A verage 5 days per week
1 Runn ing Above Average 3 day s per week
J Runn i ng Bel ow Average 3 day s per week
K Runn i ng Above Average 2 days per week
L Runn i ng Be low Average 2 days pe r week
I V .  ORGANIZATION OF THE REMAINDER OF THE STUDY
The o r g a n i z a t i o n  o f  th e  rem a in d e r  o f  t h e  s tu d y  is as f o l l o w s ;  
C h a p te r  I I ,  Review o f  R e la t e d  L i t e r a t u r e ;  C h a p te r  I I I ,  The p ro ce d u re ;  
C h a p te r  IV ,  P r e s e n t a t i o n  and i n t e r p r e t a t i o n  o f  d a t a ;  C h ap te r  V, 
Summary and c o n c lu s io n s .
CHAPTER I I
REVIEW OF RELATED LITERATURE
At  t h e  p r e s e n t  t i m e  in  t h e  U n i t e d  S t a t e s ,  c o n s i d e r a b l e  em phasis  
is  b e in g  p l a c e d  upon t h e  p h y s i c a l  f i t n e s s  o f  o u r  y o u t h .  The  i n t e r e s t  
o f  h e a l t h  w o r k e r s  in p h y s i c a l  f i t n e s s  has long  been known and a c c e p t ­
ed .  More r e c e n t l y ,  p h y s i c a l  e d u c a t o r s  hav e  e n t e r e d  more f u l l y  i n t o  
p h y s i c a l  f i t n e s s  w o r k .  A t h l e t i c  coaches have so u g h t  t o  i n c r e a s e  t h e  
p h y s i c a l  e f f i c i e n c y  o f  p l a y e r s  on teams and have  d e v e lo p e d  c o n s i d e r a b l e  
i n s i g h t  i n t o  t h e  p r o c e d u r e s  f o r  p r o d u c in g  h i g h e r  l e v e l s  o f  p h y s i c a l  
f i t n e s s .  P h y s i c a l  e d u c a t o r s  in  a l a r g e r  way have  s o u g h t  to  d e v e l o p  
p h y s i c a l  f i t n e s s  f o r  a l l  who have needed i t *
The p r i m a r y  aim in t h e  d e v e lo p m e n t  o f  p h y s i c a l  f i t n e s s  i s  to  
make a u n iq u e  c o n t r i b u t i o n  to  t h e  i n d i v i d u a l ' s  opt imum p h y s i o l o g i c a l  
g r o w t h .  A s e c o n d a ry  a im is  to  c o n t r i b u t e  t o  p s y c h o l o g i c a l  and
2
s o c i o l o g i c a l  d e v e lo p m e n t  t h r o u g h  p a r t i c i p a t i o n  in  v i g o r o u s  a c t i v i t i e s .
3
B o o k w a l t e r  c o n c lu d e d  t h a t  t h e r e  is  a need f o r  more e x a c t  
i n f o r m a t i o n  c o n c e r n i n g  a p p r o p r i a t e  a c t i v i t i e s  f o r  t h e  c o n d u c t  o f  p h y s i c a l  
f i t n e s s  p ro g r a m s .  H i s  c o n c l u s i o n  was based on l e t t e r s  he had r e c e i v e d
T .  K. C u r e t o n ,  Phvs i c a 1 F i  tn e s s  A p pra  i s a 1 and Gu i d a n c e .
S t .  L o u i s :  C. V. Mosby C o . ,  1947 .  pp.  2 2 - 2 3 .
2
Ben M i l l e r  and o t h e r s ,  P h y s i c a l  F i t n e s s  f o r  Bovs.  New Y o r k :
A. S. Barnes  C o . ,  1 9 4 3 .  p .  7 .
^ K a r l  B o o k w a l t e r ,  'W h a t  is  a P h y s i c a l  F i t n e s s  Program f o r  B o y s , "
R e s e a rc h  Q u a r t e r l y .  15 ( O c t o b e r ,  1 9 4 4 ) ,  240^
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8from te a c h e r s  in th e  f i e l d ,  d i s c u s s io n  o f  t h e  s u b je c t  a t  c o n v e n t io n s ,  
and l a c k  o f  agreement in p u b l i s h e d  a r t i c l e s  w hich  d e a l t  w i t h  t h e  s u b je c t  
o f  f i t n e s s .
The s t u d i e s  w hich  a r e  r e l a t e d  t o  t h e  e f f e c t  o f  d i f f e r e n t  types  
o f  t r a i n i n g  programs on deve lopm ent  o f  c a r d i o v a s c u l a r  endurance can be 
d i v i d e d  i n t o  t h r e e  a re a s  w h ich  a r e  c l o s e l y  r e l a t e d  t o  the  prob lem .
These t h r e e  a rea s  a r e  composed o f  s t u d i e s  r e l a t e d  to  i s o m e t r i c  e x e r c i s e s ,  
ru n n in g  a c t i v i t i e s  and l i t e r a t u r e  c o n c e r n in g  c a r d t o v a s c u I  a r  c o n d i t i o n i n g ,  
in o r d e r  t o  improve th e  r e a d in g  comprehension and c o n t i n u i t y ,  the  
r ev iew ed  l i t e r a t u r e  was d i v i d e d  i n t o  th e s e  t h r e e  group s .
I .  STUDIES RELATED TO ISOMETRIC EXERCISES
The  e x i s t i n g  c h e o r ie s  c o n c e r n in g  th e  c o n t r i b u t i o n s  o f  i s o m e t r i c  
e x e r c i s e s  to  v a r i o u s  a sp ec ts  o f  f i t n e s s  show g r e a t  v a r i a n c e s  o f  o p i n i o n .  
A r t h u r  S te in h a u s  in r e p o r t i n g  a s tudy  done by H e t t i n g e r  and M u l l e r  to  
t h e  C o l l e g e  P h y s i c a l  E d u c a t io n  A s s o c i a t i o n  made t h e  f o l l o w i n g  
s t a t e m e n t s :
S e v e n ty -o n e  s e p a r a t e  e x p e r im e n ts  per fo rm ed  on 9 m ale  s u b je c t s  
o v e r  a p e r i o d  o f  18 months p r o v id e d  d a t a  on how th e  development  o f  
s t r e n g t h  in  a m usc le  was r e l a t e d  t o  i n t e n s i t y  and f r e q u e n c y  o f  
t r a i n i n g  a c t i v i t i e s .  A l l  t r a i n i n g  was in th e  form o f  s t a t i c  
c o n t r a c t i o n  h e ld  f o r  a measured l e n g th  o f  t im e  a g a i n s t  a s p r in g  
s c a l e  and most o f  th e  o b s e r v a t i o n s  w e re  made on t h e  f l e x o r s  and 
e x t e n s o r s  o f  t h e  f o r e a r m  h e ld  h o r i z o n t a l l y  a t  r i g h t  a n g le s  to  the  
upper  arm.
A r t h u r  H. S t e i n h a u s ,  "R ep or t  o f  a S tudy Done by H e t t i n g e r  
and M u l l e r  on I s o m e t r i c  C o n t r a c t  i o n s . 11 A Repor t  Made a t  the  57 th  
Annual  C o l l e g e  P h y s ic a l  E d u c a t io n  A s s o c i a t i o n  M e e t i n g ,  195*+. pp. 8 - 9 .
9The f i n d i n g s  w e r e :
1. M u s c l e  s t r e n g t h  i n c r e a s e s  an a v e r a g e  o f  5% p e r  week when 
t h e  t r a i n i n g  load  is  as l i t t l e  as 1 /3  o r  even l e s s ,  o f  maximum 
s t  r e n g t h .
2 .  M u s c le  s t r e n g t h  i n c r e a s e s  more r a p i d l y  w i t h  i n c r e a s i n g  
i n t e n s i t y  o f  t r a i n i n g  load up t o  a b o u t  2 / 3  o f  maximum s t r e n g t h .
Beyond t h i s ,  i n c r e a s e  in t r a i n i n g  load  has no f u r t h e r  e f f e c t .
3 .  One p r a c t i c e  p e r i o d  p e r  day in  w h ic h  t h e  t e n s i o n  was h e l d  
f o r  s i x  seconds r e s u l t e d  in as much i n c r e a s e  in  s t r e n g t h  as  
l o n g e r  p e r i o d s  (up  t o  f u l l  e x h a u s t i o n  in  45  s e c o n d s )  and more  
f r e q u e n t  p r a c t i c e s  (up t o  7 p e r  d a y ) .
4 .  The c a u se  o f  t h e  i n c r e a s e  in s t r e n g t h  ( t r a i n i n g  s t i m u l u s )  
t h e y  b e l i e v e  is  n e i t h e r  t h e  i n t e n s i t y  o f  c o n t r a c t i o n  n o r  t h e  
d e g r e e  o f  e x h a u s t i o n  o f  a m u s c le  f i b r e ,  b u t  r a t h e r  a c o n d i t i o n  
in  w h ic h  t h e  oxygen  s u p p ly  t o  a m u s c le  f i b r e  c e a s e s  t o  be enough  
f o r  i t s  n e e d s .  A f u r t h e r  oxygen  d e f i c i t  i s  n o t  a s t r o n g e r  o r  more  
e f f e c t i v e  s t i m u l u s .  T h u s ,  t h e y  p o s t u l a t e  an " a l l  o r  n o n e "  
c h a r a c t e r i s t i c  o f  t h e  " t r a i n i n g  s t i m u l u s "  o r  s t i m u l u s  t o  h y p e r t r o p h y .  
The o b s e r v a t i o n  t h a t  s t r e n g t h  grows more r a p i d l y  as th e  t r a i n i n g  
load i n c r e a s e s  f rom  1 /3  t o  2 / 3  m ax im a l  s t r e n g t h  i s  to  them o n l y  an 
a p p a r e n t  c o n t r a d i c t i o n .  They b e l i e v e  t h a t  due t o  t h e  i n t e r n a l  
a r r a n g e m e n t  o f  f i b r e s  w i t h i n  a m u s c le  n o t  a l l  f i b r e s  a r e  e q u a l l y  
t a x e d  so t h a t  n o t  u n t i l  t h e  t r a i n i n g  load is  a b o u t  2 / 3  maximum
a r e  a l l  f i b r e s  s u f f e r i n g  some oxygen d e f i c i t .
5 .  From m eas u rem en ts  o f  b i c e p s  d i a m e t e r s  in  maximum c o n t r a c t i o n  
th e y  c a l c u l a t e  a m ax im a l  c o n t r a c t i o n  s t r e n g t h  o f  6 . 6  Kg/CH2  
( a b o u t  95  pounds p e r  s q u a r e  in c h )  o f  m u s c le  c r o s s  s e c t i o n .  They  
found  t h a t  t h e  c a l c u l a t e d  m u s c le  c r o s s  s e c t i o n  i n c r e a s e d  in  a c c o r d  
w i t h  t h i s  f a c t o r  as s t r e n g t h  i n c r e a s e d .  T h u s ,  t h e y  c o n c lu d e d  t h a t  
t h e  e f f e c t i v e  t r a i n i n g  s t i m u l u s  e x t e n d s  f ro m  somewhere b e lo w  2 Kgs 
t o  somewhere u n d e r  4  Kgs p e r  s q u a r e  c e n t i m e t e r  o f  c r o s s  s e c t i o n .
6 .  They found a c o r r e l a t i o n  o f  + . 7 7  be tw een  ( a )  m ax im al  
i n c r e a s e  in  s t r e n g t h  due t o  t r a i n i n g  and ( b )  t h e  speed o f  t h i s  
im p ro v e m e n t ,  when 20  d i f f e r e n t  m u s c le  groups  w e r e  com pared .
F i n g e r  m u s c le s  i n c r e a s e d  m a x i m a l l y  33% and showed an i n c r e a s e  o f  
3 .2 %  p e r  w e e k .  For  h i p  f l e x o r s  t h e  c o r r e s p o n d i n g  f i g u r e s  w e re  
( a )  177% and ( b )  2 2 .1 % .
7 .  When t e n s i o n  p e r  s q u a r e  cm. o f  c r o s s  s e c t i o n  is  h e l d  
c o n s t a n t ,  e n d u r a n c e  ( h o l d i n g  t i m e )  is  unchanged w i t h  i n c r e a s e  in  
t o t a l  s t r e n g t h .  T h i s  is a t t r i b u t e d  t o  im provem ent  in  c a p i l l a r i z a -  
t i o n  p a r a l l e l i n g  h y p e r t r o p h y .
8 .  The r a t e  o f  i n c r e a s e  in  s t r e n g t h  somet imes v a r i e d  c o n s i d e r a b l y  
in  some p e rs o n s  when two c o m p a r a b le  t r a i n i n g  p e r i o d s ,  s e p a r a t e d  by
a long r e s t  p e r i o d ,  w e r e  com pared .
9 .  T h e r e  i s  a c e i l i n g  on t h e  d e v e lo p m e n t  o f  s t r e n g t h  in  e v e r y  
m u s c l e .  T h i s  i s  u s u a l l y  accom pan ied  by p a i n  r e s u l t i n g  f rom  some 
i n j u r y  w i t h i n  t h e  m u s c le  t h a t  s t o p s  f u r t h e r  i n c r e a s e  in  e f f o r t .
10.  They p o s t u l a t e  t h a t  t h e  m ax im a l  s t r e n g t h  o f  any m u s c le  in  
t h e  body i s  p r o b a b l y  a b o u t  3 t im e s  t h e  t e n s i o n  demanded o f  i t  in  
e v e r y d a y  a c t i v i t i e s .
10
M u l l e r ' ’ us ing  s t u d e n ts  as s u b je c t s  per fo rm ed  t e s t s  u s in g  s p r in g  
dynamometers to  measure m u s c u la r  s t r e n g t h .  The s u b je c t s  c o n t r a c t e d  one 
arm w i t h  o n e - t h i r d  o f  t h e i r  maximum s t r e n g t h  and c o n t r a c t e d  t h e  o t h e r  
arm w i t h  t w o - t h i r d s  o f  maximum s t r e n g t h .  M u l l e r  conc luded  t h a t  n o th in g  
but  an i n c r e a s e  o f  worlf  o v e r  t h a t  p r e v i o u s l y  demanded o f  a m uscle  is th e  
s t im u l u s  f o r  an in c r e a s e  in m u s c u la r  s t r e n g t h .  A f u r t h e r  o b s e r v a t i o n  
was t h a t  t h e  n e c e s s a ry  l e n g t h ,  i n t e n s i t y ,  and f re q u e n c y  o f  these  
s t i m u l i  t o  ge t  an in c r e a s e  in s t r e n g t h  has n o t  been i n v e s t i g a t e d .
In a s tu d y  done by Adamson^ comparing i s o m e t r i c  and i s o t o n i c  
e x e r c i s e s  in t h e  deve lopm ent  o f  s t r e n g t h  no s t a t i s t i c a l  d i f f e r e n c e  was 
found between t h e  two m ethods.  At  th e  c o n c lu s io n  o f  th e  e i g h t - w e e k  
s tudy  p e r i o d  th e  d i f f e r e n c e s  between th e  groups w ere  o f  t h e  same o r d e r  
as b e f o r e  th e  t r a i n i n g  began.
Wolbers  and S i l l s ^  r e p o r t e d  th e  r e s u l t s  o f  s t a t i c  m uscu lar  
c o n t r a c t i o n s  in  t h e  developm ent  o f  s t r e n g t h  in h ig h  school  boys. Two 
groups o f  s tu d e n ts  from th e  S t a t e  U n i v e r s i t y  o f  Iowa High School were  
g iv e n  f o u r  t e s t s  o f  s t r e n g t h  a t  th e  b e g in n i n g  and a g a in  a t  t h e  end o f  an 
e i g h t - w e e k  p e r i o d .  Ten o f  t h e  s tu d e n ts  w ere  p laced  in an e x p e r im e n t a l
'’ E r i c h  A. M u l l e r ,  ’ The  R e g u l a t i o n  o f  M u s c u la r  S t r e n g t h , 11 The 
J o u r n a 1 o f  t h e  Amer jcan  A s s o c i a t i o n  f o r  Phys j c a 1 and M e n t a 1 H e a 1t h .
2 ( M a r c h - A p r i 1,  1 9 5 7 ) ,  4 1 - 4 7 .
^G. T .  Adamson, “ E f f e c t s  o f  I s o m e t r i c  and I s o t o n i c  E x e r c is e s  on 
Elbow F l e x o r  and Sp ine  E x te n s o r  M u s c le  G r o u p s . ”  H e a l t h  and F i t n e s s  in 
t h e  Modern W o r l d . 1961.  p .  172.
^ C h a r le s  P.  W olbers  and F ra n k  D. S i l l s ,  ’ Deve lopm ent  o f  S t r e n g t h  
in H igh School Boys by S t a t i c  M u s c le  C o n t r a c t  i o n s . 11 Research Q u a r t e r l y . 
27 (December,  1 9 5 6 ) ,  4 4 6 - 4 5 0 .
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gro u p  w h ic h  was g i v e n  e x e r c i s e s  r e q u i r i n g  s t a t i c  m u s c le  c o n t r a c t i o n s .
One s u b j e c t  p e r f o r m e d  t h e  e x e r c i s e  w h i l e  h i s  p a r t n e r  o f f e r e d  r e s i s t a n c e ;  
t h e y  th e n  r e v e r s e d  r o l e s .  The members o f  t h e  e x p e r i m e n t a l  g ro u p  made 
g a i n s  s i g n i f i c a n t l y  g r e a t e r  th an  t h o s e  o f  t h e  c o n t r o l  g r o u p  in  t h e  
f o l l o w i n g :  b a c k  l i f t ,  leg  l i f t ,  and combined hand g r i p  t e s t s .  The  
c o n c l u s i o n s  w e r e  t h a t  s t a t i c  m u s c u la r  c o n t r a c t i o n s  f o r  a s i x - s e c o n d  
d u r a t i o n  w i l l  cau se  s i g n i f i c a n t  g a in s  in  s t r e n g t h ;  t h a t  t h e  t h r e s h o l d  
f o r  a s t i m u l u s  l i e s  be tw een  30  and 40 p e r  c e n t  o f  a maximum c o n t r a c t i o n ;  
and f i n a l l y ,  t h a t  more t h a n  one c o n t r a c t i o n  pe r  day has no e f f e c t  upon  
t r a i  n i n g .
g
R a r i c k  and Larsen  s t u d i e d  t h e  e f f e c t  o f  a s i n g l e  d a i l y  s i x - s e c o n d  
e x e r c i s e  b o u t  u s i n g  t w o - t h i r d s  maximum t e n s i o n  c o m p a r a t i v e l y  w i t h  an  
e x e r c i s e  program  i n v o l v i n g  more f r e q u e n t  e x e r c i s e  b o u ts  a t  e i g h t y  p e r  
c e n t  maximum t e n s i o n .  T h i r t y  p o s t - p u b e s c e n t  boys d i v i d e d  i n t o  two  
e x p e r i m e n t a l  groups  and one c o n t r o l  g ro u p  s e r v e d  as s u b j e c t s .  Each  
e x p e r i m e n t a l  g ro u p  was g i v e n  a f o u r - w e e k  t r a i n i n g  program  r e s t r i c t e d  
t o  i s o m e t r i c  e x e r c i s e  o f  t h e  w r i s t ,  t h e  program  d i f f e r e d  o n l y  in t h e  
f r e q u e n c y  o f  e x e r c i s e  b o u ts  and t h e  l e v e l  o f  s t a t i c  m u s c u la r  t e n s i o n  
em p lo y e d .  The r e s u l t s  s u p p o r t e d  t h e  f a c t  t h a t  b r i e f  p e r i o d s  o f  
i s o m e t r i c  c o n t r a c t i o n  p ro ve d  to  be as e f f e c t i v e  as more  f r e q u e n t  and 
more i n t e n s e  p e r i o d s .  H o w e v e r ,  t h e  l a t t e r  p roved  s u p e r i o r  in  s t r e n g t h  
r e t e n t  i o n .
G. Law rence  R a r i c k  and Gene L. L a r s e n ,  “O b s e r v a t i o n  on F requ ency  
and I n t e n s i t y  o f  I s o m e t r i c  M u s c u l a r  E f f o r t  in  D e v e l o p i n g  M u s c u l a r  
S t r e n g t h . "  R e s e a r c h  Q u a r t e r l v .  29 ( O c t o b e r ,  1 9 5 8 ) ,  3 3 3 - 3 ^ 1 .
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In a s tu d y  p r e s e n te d  by Mathews and Kruse comparing th e  e f f e c t s  
o f  i s o m e t r i c  and i s o t o n i c  b o u t s ,  i t  was d i s c l o s e d  t h a t :
1. S t r e n g t h  changes a r e  p e c u l i a r  t o  t h e  i n d i v i d u a l .
2 .  I s o m e t r i c  e x e r c i s e  caused a g r e a t e r  number o f  s u b j e c t s  to
have a s i g n i f i c a n t  g a in  in s t r e n g t h .
3 .  A f i v e  day a week program o f  e x e r c i s e  was f ound to  be the
most b e n e f i c i a l .
Barham'^  in comparing th e  e f f e c t i v e n e s s  o f  i s o m e t r i c  and i s o t o n i c  
e x e r c i s e s  when per form ed  a t  d i f f e r e n t  f r e q u e n c i e s  pe r  week p r e s e n te d  th e  
f o 1 lowing f a c t s :
1. A s i g n i f i c a n t  improvement  in m u s c u la r  s t r e n g t h  p er fo rm ance  can
be o b t a i n e d  th ro u g h  an i s o m e t r i c  method o f  e x e r c i s e .
2 .  The a d d i t i o n  o f  i s o t o n i c  e x e r c i s e  to  a maximum i s o m e t r i c
c o n t r a c t i o n  does n o t  s i g n i f i c a n t l y  a f f e c t  th e  g a in  in 
s t r e n g t h  above th e  use o f  i s o m e t r i c  e x e r c i s e s  a l o n e .
3 .  T h e re  is  no s i g n i f i c a n t  d i f f e r e n c e  in terms o f  g a in  in s t r e n g t h
between e x e r c i s e s  per fo rm ed  f i v e  days a week and those  
p er form ed  t h r e e  days pe r  week.
4 .  The amount o f  s t r e n g t h  ga in ed  in  t h e  f i v e  and t h r e e  days per
week programs were  s i g n i f i c a n t l y  g r e a t e r  than  those  p r a c t i c e d  
two days p e r  week.
q
' D o n a l d  K. Mathews and R o b er t  K ru s e ,  " E f f e c t  o f  I s o m e t r i c  and 
i s o t o n i c  E x e r c is e s  on Elbow F l e x o r  M usc le  G r o u p s . "  Research Q u a r t e r l y .
26 (December,  1 9 5 7 ) ,  352 .
*® J e r ry  N o l l e y  Barham, "A Comparison o f  t h e  E f f e c t i v e n e s s  o f  I s o m e t r i c  
and I s o t o n i c  E x e r c is e s  When Pe r fo rm ed  a t  D i f f e r e n t  F re q u e n c ie s  Per  W e e k ,"  
D i s s e r t a t i o n  f o r  E d . D . ,  L o u is i a n a  S t a t e  U n i v e r s i t y .
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M a r c e l * '  compared two g roup s  p e r f o r m i n g  i s o m e t r i c  e x e r c i s e s  in  
r e f e r e n c e  t o  t h e i r  kn o w ledge  o f  r e s u l t s .  T h i s  k n o w led g e  was c o n s i d e r e d  
as a m o t i v a t i o n a l  f o r c e .  Two rando m ly  s e l e c t e d  g roup s  o f  t h i r t y  
s t u d e n t s  each  w e r e  used as e x p e r i m e n t a l  g r o u p s .  Both  groups  w e r e  g i v e n  
t h e  same p h y s i c a l  e x e r c i s e s  f o r  s i x  w e e k s .  One g ro u p  knew t h e  r e s u l t s  
o f  t h e i r  e x e r c i s e  and t h e  o t h e r  g ro u p  d i d  n o t .  The  r e s u l t s  w e r e :
1. Both groups  had a s i g n i f i c a n t  g a i n  in a l l  s i x  e x e r c i s e s .
2 .  The group p e r f o r m i n g  w i t h  a kno w led g e  o f  r e s u l t s  had a g r e a t e r
g a i n  in  a l l  e x e r c i s e s .  In two o f  t h e  t e s t s  used t h e  g a i n  
was n o t  s i g n i f i c a n t l y  g r e a t e r ;  h o w e v e r ,  in  t h e  o t h e r  f o u r  
t h e  g a i n  was s i g n i f i c a n t l y  g r e a t e r .
3 .  A kno w led g e  o f  r e s u l t s  c o u ld  be used as a m o t i v a t i n g  f o r c e  in
p h y s i c a l  a c t i v i t i e s .
An a d v o c a t e  o f  t h e  use o f  i s o m e t r i c  e x e r c i s e s  f o r  im p ro v in g
1 2m u s c u la r  e n d u r a n c e  is  D e n n is o n .  H is  s t u d y  r e v e a l e d  t h e  f o l l o w i n g :
Two groups  o f  t e n  s u b j e c t s  each  e n r o l l e d  in t h e  r e q u i r e d  p r o g r a m ,  
w e r e  e q u a te d  on t h e  b a s i s  o f  t h e  s c o r e s  on t h e  Arm S t r e n g t h  I n d e x .  
Group I p a r t i c i p a t e d  in  a w e i g h t  t r a i n i n g  p r o g r a m ,  and Group I I  
p e r f o r m e d  t h e  13 e x e r c i s e s  o f  t h e  commander s e t ,  bo th  g roup s  m e e t i n g  
t w i c e  a w eek  f o r  e i g h t  w e e k s .  Both groups  showed s t a t i s t i c a l l y  
s i g n i f i c a n t  im provem ents  in  c h i n n i n g  and d i p p i n g  a b i l i t y  and c o n ­
s e q u e n t l y  in  t h e  Arm S t r e n g t h  I n d e x .  The  d i f f e r e n c e  b e tw een  t h e  
means o f  im provem ent  o f  t h e  two g roup s  was n o t  s t a t i s t i c a l l y  
s i gn i f i  c a n t .
Norman A .  M a r c e l ,  ‘T h e  E f f e c t  o f  K now ledge  o f  R e s u l t s  as a 
M o t i v a t i o n  on P h y s i c a l  P e r f o r m a n c e , "  an u n p u b l i s h e d  s t u d y ,  L o u i s i a n a  
S t a t e  U n i v e r s i t y .
12J .  D. D e n n i s o n ,  M. L.  Howard and W. R. M o r f o r d ,  " E f f e c t  o f  
I s o m e t r i c  and I s o t o n i c  E x e r c i s e  Programs upon M u s c u l a r  E n d u r a n c e , "  
R e s e a r c h  Q u a r t e r l y .  32  ( O c t o b e r ,  1 9 6 1 ) ,  3^*8.
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R a s c h ^  in h is  d i s c u s s io n  o f  th e  r e l a t i o n s h i p  between maximum 
i s o m e t r i c  and i s o t o n i c  e x e r c i s e s  suggests  t h a t  from h i s  s tudy  th e  
d e t e r m i n a t i o n  o f  th e  p r o p e r  ioad f o r  a s i n g l e  r e p e t i t i o n  maximum elbow  
f l e x i o n  e x e r c i s e  can be made w i t h  c o n s i d e r a b l e  a c c u ra c y  by use o f  a 
s t r a i n  gauge. The d a ta  suggests  t h a t  measurements o f  maximum s t r e n g t h  
made by t h e  use o f  i s o m e t r i c  t e c h n iq u e s  a r e  v a l i d  in e x p r e s s i n g  
i s o m e t r i c  s t r e n g t h .
E x i s t i n g  t h e o r i e s  on the  e f f e c t s  o f  i s o m e t r i c  e x e r c i s e s  upon
14p h y s ic a l  deve lopm ent  show g r e a t  v a r i a n c e s  o f  o p i n i o n .  Paul H u n s ic k e r  
made th e  f o l l o w i n g  s ta te m e n ts  c o n c e r n in g  s t r e n g t h  developm ent  in 
genera  1.
1. S t r e n g t h  in c r e a s e s  w i t h  age th e  f i r s t  25 y e a r s ;  remains a t
t h i s  l e v e l  f o r  f i v e  to ten  y e a r s ,  then d ec re ases  g r a d u a l l y
th ro u g h o u t  th e  r e s t  o f  l i f e .
2 .  T h e re  is  o n l y  a s l i g h t  d i f f e r e n c e  in s t r e n g t h  o f  t h e  two
s i d e s  o f  the  body.
3 .  Body ty p e  is r e l a t e d  to  s t r e n g t h  and th o se  pos sess ing  a h igh
mesomorphic component have th e  g r e a t e s t  s t r e n g t h .
4 .  T h e re  is a d i f f e r e n c e  between s t a t i c  and dynamic s t r e n g t h .
5 .  The p o s i t i o n  o f  t h e  body is  im p o r ta n t  in  g i v i n g  s t r e n g t h  t e s t s .
6 .  E x e r c i s i n g  one l imb in c r e a s e s  th e  s t r e n g t h  o f  c o n t r a l a t e r a l  l im b s .
13 P h i l i p  J .  Rasch,  " R e l a t i o n s h i p  Between Maximum I s o m e t r i c  Tens ion  
and Maximum I s o t o n i c  Elbow F l e x i o n . "  Research Q u a r t e r l y .  28 (M arch ,  1 9 5 7 ) ,  
8 5 .
Paul  H u n s ic k e r  and George G re ey ,  " S t u d ie s  in Human S t r e n g t h , "  
Research Q u a r t e r l y . 28 (May, 1 9 5 7 ) *  109.
7 .  The s i z e  o f  e x i s t i n g  f i b r e s ,  n o t  t h e  n i r .b e r  o f  m u s c le  f i b r e s ,
i nc r e a s e s ,
8 .  S t r e n g t h e n i n g  m u s c le s  a roun d  a j o i n t  w i l l  n o t  s low  t h e
movement o f  t h e  j o i n t .
9 .  R e co ve ry  f rom a s i n g l e  maximum c o n t r a c t i o n  t a k e s  l e s s  th a n
t e n  m i n u t e s .
10. F o u r - f i f t h s  o f  an i n d i v i d u a l ' s  s t r e n g t h  is  a c q u i r e d  a f t e r
age  6 .
I I .  STUDIES RELATED TO RUNNING A C T I V I T IE S
T h e r e  a r e  v a r i e d  t h e o r i e s  in e x i s t e n c e  as t o  t h e  b e s t  method o f
p r o d u c in g  e n d u r a n c e  in  a t h l e t e s  t h r o u g h  t r a i n i n g  p r o g r a m s .  I t  i s  
g e n e r a l l y  a g r e e d  t h a t  c a r d i o v a s c u l a r  c o n d i t i o n  is  d i r e c t l y  r e l a t e d  t o  
e n d u r a n c e  in r u n n in g  p e r f o r m a n c e .  W i t h  t h i s  t h o u g h t  in  mind t h e  
f o l l o w i n g  s t u d i e s  c o n c e r n i n g  methods o f  t r a i n i n g  in t r a c k  have been  
re v  i ewed.
The method o f  i n t e r v a l  t r a i n i n g  as p r e s e n t ' d  by Morehouse '" *  
a p p l i e s  t o  any t r a i n i n g  e n d u r a n c e  p r o g r a m .  M orehous e  s t a t e d  t h a t  th e  
f a c t o r s  o f  s p e c i f i c i t y ,  tempo and pace a r e  o f  p r i m a r y  i m p o r t a n c e .  T h e se  
te rm s  can be s i m p l i f i e d  i n t o  s p e e d ,  d i s t a n c e ,  and t h e  c a p a c i t y  o f  a 
p e r f o r m e r .  In i n t e r v a l  t r a i n i n g ,  a c o n v e n i e n t  d i s t a n c e  w h ic h  can be run
a t  t h e  d e s i r e d  s p e e d ,  and is  w i t h i n  t h e  c a p a c i t y  o f  t h e  i n d i v i d u a l ,
s h o u ld  be s e l e c t e d .
' ^ L a u r e n c e  E. M orehouse  and P h i l i p  J .  Rasch ,  S c i e n t i f i c  B a s is  o f  
P h y s i c a l  T r a i n i n g . P h i l a d e l p h i a :  W. B. Saunders  and C o . , 1 9 5 8 .  pp .  3 5 - 3 5 .
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An o v e rv ie w  o f  th e  c o n f l i c t i n g  t r a i n i n g  methods has been presen ted  
16by L a w t h e r ' who s t a t e d :
Four hypotheses have been advanced in r e c e n t  y ea rs  by champions 
o f  e x t r a - e n d u r a n c e  s p o r t s .  The f i r s t  is  th e  one b es t  ac q u ire d  
th rough  an e x t e n s i v e  success ion  o f  s p r i n t s  i n t e r s p e r s e d  w i t h  e a s i e r  
ru n n in g .  The second h y p o th e s is  is  t h a t  endurance is  s p e c i f i c  to  
t h e  r a t e  o f  speed f o r  which one is  t r a i n e d .  I f  one exp ec ts  to  run 
a f o u r - m i n u t e  t w e n t y - f i v e  second m i l e ,  he must t r a i n  a t  t h a t  s p e c i f i c  
speed,  even though because o f  e x h a u s t io n  he has to  run less  d i s t a n c e  
than the  m i l e  in h is  e a r l i e r  months o f  t r a i n i n g .  The h y p o th e s is  is 
t h a t  one t r a i n s  f o r  an endurance t h a t  is  s p e c i f i c  to  a p a r t i c u l a r
r a t e  o f  speed. Change o f  speed f i n d s  th e  runner  more f a t i g u e d
because o f  less  s p e c i f i c  t r a i n i n g .  A t h i r d  h y p o th e s is  is t h a t
runners so t r a i n e d  can i n s e r t  changes o f  pace in t h e i r  ru n n in g ,
Changes t h a t  employ d i f f e r e n t  movements, and ,  to  some d e g re e ,  
d i f f e r e n t  muscle  f i b r e s .  These changes o f  pace can be i n s e r t e d  
when the  runner  f e e l s  e x t r a  f a t i g u e  and may s e r v e  as a type  o f  r e s t .  
The f o u r t h  h y p o th e s is  is t h a t  ex t rem e endurance t r a i n i n g  should  
i n c lu d e  much more ( l o n g e r )  work than what has been customary in 
Am er ica .  About tw en ty  m i l e s  o f  runn ing  a day is  n o t  uncommon in 
Europe.
In an a n a l y s i s  o f  t r a i n i n g  methods,  M i t c h e l l ^  p resen ted  th e  
f o l l o w i n g  th o u g h ts :
In th e  t r a c k  e v e n t s ,  t r a i n i n g  is concerned w i t h  fo u r  f a c t o r s ;  
speed,  endurance ,  co u ra g e ,  and e f f i c i e n c y .  To ga in  g r e a t e r  
speed,  g i v e  f a s t  u n d e r - d i s t a n c e  w ork .  To ga in  g r e a t e r  endurance  
g i v e  slow o v e r - d i s t a n c e  w o rk .
These two methods,  pursued on a p p r o x im a t e ly  a l t e r n a t e  days ,  a r e  
emphasized a c c o rd in g  to  the  e v e n t ,  the  need o f  the  i n d i v i d u a l ,  and 
th e  p lans  f o r  c o a ch in g .  For example ,  th e  s h o r t e r  th e  d i s t a n c e  th e  
g r e a t e r  t h e  emphasis on speed and u n d e r - d i s t a n c e  work;  th e  longer  
the  d i s t a n c e ,  th e  g r e a t e r  the  emphasis on endurance and o v e r - d i s t a n c e  
w o rk .  I f  a man lacks  speed as compared w i t h  o t h e r s  in h is  e v e n t ,  
speed work is in o r d e r .  I f  he lacks  s t r e n g t h  and endurance,  slow 
o v e r - d i s t a n c e  work is n e c e s s a ry .
^ J o h n  D. Law ther ,  Psychology o f  Coaching. New York:  P r e n t i c e -  
H a l l ,  I n c . ,  1 9 5 K  PP. 2 7 1 -2 7 2 .
^ E l m e r  M i t c h e l l ,  Sp o r t s  f o r  R e c r e a t i o n . New York :  A. S. Barnes 
and C o . ,  1947. pp. * *22 -423 .
In a su rv e y  on c o n d i t i o n i n g  t e c h n i q u e s  f o r  t h e  ^ 0 0 - m e t e r  run 
18Huntsman co m p i le d  th e  p r a c t i c e s  o f  h i s  c o l l e a g u e s .  In t h i *  s tu d y
i t  was found t h a t  t h e  m a j o r i t y  o f  coaches a d v o c a te d  i n t e r v a l  d i s t a n c e
r u n n in g  o f  f rom 100 t o  330 y a r d s .  V e ry  few o f  th e  coaches a d v o ca ted
i n t e r v a l  r u n n in g  o f  LOO yard s  o r  o v e r .  In a d d i t i o n  to  t h i s ,  th e  t im e
t r i a l  d i s t a n c e s  used by th e  g r e a t e r  nun ber  o f  coaches was from 3C0
to 330  y a rd s  d u r i n g  T i id -s e a s o n .
19L e is  in a s tu d y  o f  the  a f f e c t  o f  a g e ,  and t h e  f re q u e n c y
and i n t e n s i t y  o f  v a r i o u s  t r a i n i n g  s c h e d u le s  on ru n n in g  p e r fo rm a n c e
used e i g h t  groups o f  s u b j e c t s .  S t u d e n ts  w e re  i n s t r u c t e d  to  run a t  a 
maximum r a t e  f o r  one m i n u t e  and t h e  d i s t a n c e  was m easured .  The  
r e s u l t s  o f  t h i s  s tudy  seemed to  j u s t i f y  th e  f o l l o w i n g  c o n c l u s i o n s .
A s i n g l e  o n a - m i n u t e  run f i v e  days p e r  week r e s u l t s  in as much im p ro v e ­
ment as t h r e e  o n e - m i n u t e  runs f i v e  days p e r  week.  The age f a c t o r  d i d
n o t  i n f l u e n c e  th e  g a in s  in  ru n n in g  p e r f o r m a n c e .  T h r e e  days p e r  week
proved  as b e n e f i c i a l  as a f i v e  day a week program f o r  th o s e  p e r f o r m i n g  
t h r e e  o n e - m i n u t e  runs p e r  d a y .  A s i n g l e  run p e r  day must be p e r fo rm e d  
f i v e  days p e r  week to  r e a l i z e  maximum improvem ent .
S tan  Huntsman,  "A S u rv ey  on C o n d i t i o n i n g  T e c h n iq u e s  f o r  t h e  
M+O-Yard 6 0 0 - M e t e r  R u n s , "  Compiled I n t e r n a t i o n a 1 T r a c k  and F i e l d  
D i g e s t . Ann A r b o r ,  M i c h i g a n :  Champions on F i l m ,  1956 ,  pp .  6 1 - 6 4 .
19Hans Herman L e i s ,  ' T h e  A f f e c t  o f  Age ,  and t h e  Frequency  
and I n t e n s i t y  o f  V a r i o u s  T r a i n i n g  S c h e d u le s  on Running P e r f o r m a n c e , "  
D i s s e r t a t i o n  f o r  t h e  P h .D .  d e g r e e ,  L o u i s i a n a  S t a t e  U n i v e r s i t y .
18
20W i l k i n  s tu d ie d  the e f f e c t  o f  a w e ig h t  t r a i n i n g  program on speed 
o f  movement.  In h is  study he concluded t h a t  t h e r e  was no s lowing  down 
o f  the  speed o f  movement o f  an i n d i v i d u a l  due to  a w e ight  t r a i n i n g  
program. He a is o  d iscovered  t h a t  the  "chron ic  w e ig h t  l i f t e r "  does not  
become muscle-bound to th e  e x t e n t  t h a t  i t  slows h is  muscular  c o n t r a c t i o n .  
The s tuden ts  engaged in w e ig h t  t r a i n i n g  progressed as much o r  more than  
th e  s tuden ts  who did  not engage in a w e ig h t  t r a i n i n g  program.
I I I .  STUDIES RELATED TO CARDIOVASCULAR ENDURANCE
The s tu d ie s  reviewed by th e  w r i t e r  t h a t  were r e l a t e d  to  the  
problem and were o f  genera l  c a r d i o v a s c u l a r  n a t u r e ,  covered a broader  
f i e l d  than the is o m e t r ic  o r  running l i t e r a t u r e .  With re fe r e n c e  to 
c a r d io v a s c u la r  endurance a l l  s t u d ie s  which u t i l i z e d  t r a i n i n g  methods
to  produce t h i s  t r a i t  were used.
21M ichae l  by making p e r i o d i c  measurements on c i r c u l a t i o n  
d u r in g  a t h l e t i c  t r a i n i n g  made the  f o l l o w i n g  c on c lu s ion s :
A one-m inute  s tep  t e s t  a t  36 steps per  m inute  on a 17- inch  
bench was g iven to  17 v a r s i t y  b a s k e t b a l l  p la y e r s  each t h r e e  
weeks d u r in g  16 weeks o f  t r a i n i n g  and a f t e r  10 and 20 weeks o f  
d e - t  ra i n tng.
The r e s u l t s  in d ic a t e d  t h a t  the  recovery  pulse  r a t e  made 
s i g n i f i c a n t  changes in t h r e e  weeks ( . 0 5  l e v e l )  and h i g h l y  
s i g n i f i c a n t  changes in s i x  weeks ( .0 1  l e v e l ) .  Th is  leve l  o f  
c o n d i t i o n i n g  was m a in ta in e d  throughout the season to reach a 
maximum change in 16 weeks.
20Bruce W i l k i n ,  'The  E f f e c t  o f  Weight T r a i n i n g  on Speed o f  
Movement."  Research Q u a r t e r l y .  23 (O c to b e r ,  1952) ,  361 .
2 1E. D. M ichae l  and A r t h u r  G a l lo n ,  " P e r i o d i c  Changes in the  
C i r c u l a t i o n  Dur ing  A t h l e t i c  T r a i n i n g  as R e f le c t e d  by a Step T e s t , "  
Research Q u a r t e r l y . 30 (O c to b e r ,  195 9 ) ,  303 .
19
22In a f a c t o r  a n a l y s i s  o f  t e s t s  o f  endurance  by McCloy ,  s e v e r a l  
p o i n t s  were b rought  o u t .  A f a c t o r  a n a l y s i s  was computed on t w e l v e  
a t h l e t i c  e v e n ts  a d m i n i s t e r e d  to  4 00  w e l l  c o n d i t i o n e d  s o l d i e r s .  From 
th e s e  d a t a ,  f o u r  f a c t o r s  were found to  be s i g n i f i c a n t :  c i r c u l o -
r e s p i r a t o r y  e n d u ra n c e ,  v e l o c i t y ,  m u scu la r  en d u ra n c e ,  and body b u i l d .
23
Two e x p e r im e n t a l  groups w ere  used by B e l l  in d e t e r m in in g  the  
v a l i d i t y  o f  c e r t a i n  endurance  t e s t s  on c o l l e g e  s u b j e c t s .  A freshman  
b a s k e t b a l l  squad o f  tw en ty  p l a y e r s ,  and a second group o f  t w e lv e  
v a r s i t y  t r a c k  men made up the  two groups under  c o n s i d e r a t i o n .  The 
a t h l e t e s  w ere  t e s t e d  e a r l y  in t h e i r  c o n d i t i o n i n g  p e r io d  and a g a in  
l a t e  in t h e i r  c o m p e t i t i v e  season.
The t e s t s  a d m i n i s t e r e d  in c lu d e d  runn ing  t imes f o r  7 5 ,  150 and 
300 - y a r d  dashes and scores  on a maximal pack t e s t .
The f o l l o w i n g  r e s u l t s  were found by the  a u t h o r :
1. Improvements in the  t im e  r e q u i r e d  t o  run th e  3 0 0 - y a r d  dash
showed the  most s i g n i f i c a n t  change o v e r  the  season and 
appeared t o  be the  most e f f e c t i v e  measure o f  improved  
cond i t  i o n .
2 .  O ther  endurance i n d ic e s  based on work decrement and a d j u s t ­
ment f o r  speed were  a l l  o f  less v a l u e  than the  3 0 0 - y a r d  
t im e  in d e t e c t i n g  change in c o n d i t i o n .
22 C. H. McCloy ,  "A F a c t o r  A n a ly s is  o f  T e s ts  o f  E n d u r a n c e ,"  
Research Q u a r t e r l y . 27 (May, 1 9 5 7 ) ,  213 .
23
Thomas B. B e l l ,  'T h e  V a l i d i t y  o f  C e r t a i n  T e s ts  f o r  E n d u r a n c e ,"  
Research Q u a r t e r l y . 19 ( O c t o b e r ,  19^+8), 229-2^+1.
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3 .  F a c to r s  o t h e r  than  endurance  can p ro b a b ly  be c r e d i t e d  w i t h  
a f f e c t i n g  p e r fo rm a n c e  measures such as t h e  3 0 0 _yard  run .
Some o f  th e s e  f a c t o r s  m ight  i n c l u d e  judgm ent  o f  pace and
runn i ng s k i l l .
24Montoye summarized h is  f i n d i n g s  on p u ls e  r a t e  in th e  f o l l o w i n g
manner:
Scores  b e f o r e  and a f t e r  a t r a i n i n g  program w ere  p r e s e n t e d .
These d a t a  were a n a ly z e d  to  d e t e r m in e  th e  c o r r e l a t i o n  between  
( 1 )  Recovery  Index  and maximum p u ls e  r a t e  and ( 2 )  Recovery  Index  
and b lood  l a c t a t e .  The c o e f f i c i e n t s  w e re  s i g n i f i c a n t  a t  o r  above  
th e  2% l e v e l  in e v e r y  i n s t a n c e ,  bo th  b e f o r e  and a f t e r  t r a i n i n g .  
P a r t i a l  l i n g  ou t  t h e  e f f e c t  o f  one v a r i a b l e  d id  not  e l i m i n a t e  the
c o r r e l a t i o n  between th e  o t h e r  two.
25
D o h e r ty  p re s e n te d  th e  modern t r a i n i n g  p o i n t  o f  v iew  w i t h  
re g a rd  to  human f a t i g u e .  He s t a t e d  t h a t  t h e r e  w ere  f o u r  i n t e r - r e l a t e d  
c o n s i d e r a t i o n s  w h ich  d e t e r m in e  pe r fo rm a n c e  o f  an i n d i v i d u a l .  These  
w ere :
1. The s o - c a l l e d  p h y s ic a l  changes w h ich  a r e  commonly l i s t e d
in p h y s io lo g y  o f  e x e r c i s e  t e x t b o o k s .
2 .  The s e n s a t io n s  and even p a in s  o f  f a t i g u e  t h a t  a r i s e  ou t  o f
th e s e  p h y s io -c h e m ic a l  changes.
3 .  The v a r i a b l e  s e n s i t i v i t y  o f  t h e  same person and d i f f e r e n t
persons to  th e s e  s e n s a t i o n s .
Henry J .  M ontoye ,  " I n t e r - R e l a t i o n  o f  Maximum P u ls e  R a te  D u r in g  
M o d e r a te  E x e r c i s e ,  Recovery  P u ls e  R a t e ,  and Post  E x e r c is e  Blood L a c t a t e , "  
R esearch  Q u a r t e r l y .  24  (December,  1 9 5 3 ) *  4 5 3 .
25 Ken D o h e r t y ,  ' T r a i n i n g  f o r  Modem R u n n in g ."  J o u rn a l  o f  H e a l t h . 
P h y s i c a l  E d u c a t i o n , and R e c r e a t i o n .  W ash in g to n :  ( A p r i l ,  1 9 5 7 ) ,  71 .
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k .  The p e r s i s t e n c e  w i t h  w h ic h  t h e  r u n n e r  p r e s s e s  h i m s e l f  
f o r w a r d  to w a rd  t r u e  p h y s i o l o g i c a l  l i m i t s .
P r a c t i c e ,  as many w r i t e r s  b e l i e v e ,  is  one o f  t h e  p r im e  c o n s i d e r a ­
t i o n s  w h ic h  must be c o n s i d e r e d  in m o to r  d e v e lo p m e n t .  A c c o r d i n g  t o
26Knapp and D i x o n ,  t h i s  c o n d i t i o n  may be v ie w e d  in t h e  l i g h t  o f  a t  
l e a s t  seven v a r i a b l e s  whose i n f l u e n c e  seems t o  d e t e r m i n e  t h e  amount  
o f  b e n e f i t  r e s u l t i n g  f rom  p r a c t i c e .  These  a r e : ( 1 )  d u r a t i o n  o f  t h e  
p r a c t i c e  s e s s i o n ;  ( 2 )  l e n g t h  o f  t h e  r e s t  p e r i o d s  be tw een  s e s s i o n s ;
( 3 )  t h e  p r a c t i c e  m eth o d ;  (*+) speed o f  movement d u r i n g  p r a c t i c e ;
( 5 )  c h a r a c t e r i s t i c s  o f  t h e  l e a r n e r ;  ( 6 )  a c t i v i t y  o f  t h e  l e a r n e r  
d u r i n g  t h e  t i m e  be tw een  p r a c t i c e  p e r i o d s ;  and ( 7 )  c o m p l e x i t y  o f  t h e  
s k i l l .
27Henry  s t u d i e d  t h e  i n f l u e n c e  o f  a t h l e t i c  t r a i n i n g  on t h e  
r e s t i n g  c a r d i o v a s c u l a r  s y s te m .  He s t a t e d ;
C a r d i o v a s c u l a r  changes in  18 c o l l e g e  a t h l e t e s  d u r i n g  t r a i n i n g ,  
compared w i t h  15 c o n t r o l s  can be i n t e r p r e t e d  as t h e  r e s u l t  o f  
t h e  i n t e r - p l a y  o f  b a s i c  f a c t o r s  ( p e r i p h e r a l  r e s i s t a n c e ,  a o r t i c  
v o l u m e - e l a s t i c i t y , s t r o k e  v o l u m e .a n d  h e a r t  r a t e ) .  T h e  o b s e r v e d  
e f f e c t s  o f  a t h l e t i c  t r a i n i n g  seem t o  be  due  t o  i n c r e a s e d  
e l a s t i c i t y  and r e s t i n g  s t r o k e  vo lum e a s s o c i a t e d  w i t h  a 
c o m p e n s a t in g  d e c r e a s e  in  h e a r t  r a t e .  B r a c h i a l  p u l s e  wave  
t r a c i n g s  ( s y s t o l i c  a m p l i t u d e )  d i f f e r e n t i a t e  t h e  a t h l e t e s  f ro m  
t h e  c o n t r o l s ,  b u t  do n o t  change by a s t a t i s t i c a l l y  a c c e p t a b l e  
amouBt d u r i n g  t r a i n i n g .  Changes in  t h e  r e s t i n g  h e a r t  r a t e
C ly d e  E. Knapp and W. R o b e r t  D i x o n ,  "A S tu d y  t o  D e t e r m i n e  
t h e  E f f e c t  o f  Two D i f f e r e n t  D i s t r i b u t i o n s  o f  P r a c t i c e s  on L e a r n i n g  
E f f i c i e n c y . * 1 R e s e a r c h  Q u a r t e r l y .  21 ( O c t o b e r ,  1 9 5 0 ) ,  3 3 1 .
27
F r a n k l i n  M. H e n r y ,  " I n f l u e n c e  o f  A t h l e t i c  T r a i n i n g  on t h e  
R e s t i n g  C a r d i o v a s c u l a r  S y s t e m . "  R e s e a r c h  Q u a r t e r l y .  25 ( M a r c h ,  195^0» 
28.
22
c o n s t i t u t e  a u s e f u l  t e s t  o f  th e  c a r d i o v a s c u l a r  a s p e c t  o f  a t h l e t i c  
c o n d i t i o n i n g , th e  v a l i d i t y  b e in g  r = 0 . 7 6 .
23Ostrow e x p e r im e n te d  w i t h  f o u r  types o f  endurance  t e s t s  in an 
a t t e m p t  t o  f i n d  th e  b e s t  measure o f  e n d u ran ce .  The t e s t s  used in th e  
e x p e r im e n t  w ere  th e  q u a r t e r  m i l e  run ,  a t r e a d m i l l  t e s t ,  the C a r ls o n  
T e s t ,  and a 2 0 0 - y a r d  s h u t t l e  ru n .  The t e s t - r e t e s t  method was used to  
e s t a b l i s h  t h e  r e l i a b i l i t y  o f  th e  t e s t s .  The r e s u l t s  o f  h is  e x p e r i ­
m e n t a t i o n  showed t h a t  t h e  A 4 0 -y a r d  run had a r e l i a b i l i t y  o f  . 9 5 5 ;  
t h e  t r e a d m i l l ,  . 8 0 9 ;  the  2 0 0 - y a r d  s h u t t l e  r u n ,  .9^+5; and th e  C a r lson  
T e s t ,  . 5 5 9 .  In a d d i t i o n  to  h a v in g  th e  most r e l i a b i l i t y ,  t h e  A 4 0 -y a r d  
run proved to  be t h e  most v a l i d  w i t h  a c o r r e l a t i o n  o f  . 7 9 5 .  The
t r e a d m i l l  was n e x t  in t h i s  r e s p e c t  w i t h  a c o r r e l a t i o n  o f  . 5 7 5 .
29Orbon conducted  a s tudy to  compare measurements o f  o r g a n i c  
e f f i c i e n c y  o f  boys.  His  s tudy r e v e a le d  t h r e e  measures w i t h  a 
r e l i a b i l i t y  o f  . 7 5  and above.  These measures w ere  l y i n g  and s t a n d i n g  
b lood p r e s s u r e s ,  l y i n g  and s i t t i n g  h e a r t  r a t e s ,  and t o t a l  r e c u p e r a t i o n  
count  a f t e r  the  5 - m i n u t e  s te p  t e s t .  The most s t a b l e  o f  t h e  measures  
was t h e  t o t a l  r e c u p e r a t i o n  count  a f t e r  t h e  f i v e  m in u te  s te p  t e s t .  In 
a d d i t i o n  to  th e s e  f i n d i n g s ,  Orbon a l s o  conc luded t h a t  r e s t i n g  h e a r t  
r a t e  is r e l a t e d  t o  a l l  h e a r t  r a t e  counts  b e f o r e ,  a f t e r  and d u r in g  
e x e r c  i se.
Saul  O s tro w ,  "An E x p e r im e n ta l  S tudy  t o  D e te rm in e  S tand ards  
o f  O rg a n ic  Development  f o r  Use in th e  Boys'  P h y s ic a l  E d u c a t io n  Program 
in New Y o rk  S t a t e  P u b l i c  Secondary  S c h o o l s , "  M ic r o c a r d e d  P h .D .  
D i s s e r t a t i o n ,  New Yo rk  U n i v e r s i t y ,  New Y o r k ,  1951.
29
W i l l i a m  A. Orbon,  "An A n a l y s i s  o f  Measurements o f  O rg a n ic  
E f f i c i e n c y  o f  B o y s , "  M ic r o c a r d e d  P h .D .  D i s s e r t a t i o n ,  U n i v e r s i t y  o f  
I l l i n o i s ,  I l l i n o i s ,  1957.
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In a d i s c u s s i o n  o f  t e s t s  o f  p h y s i c a l  f i t n e s s ,  H u n s i c k e r " ^  s t a t e d
t h a t  d i f f e r e n c e s  o f  o p i n i o n  w e r e  bound t o  i n f l u e n c e  t h e  n a t u r e  o f  t h e
t e s t s  used to  m e a s u re  t h e  c o n c e p t .  Of t h e  t e s t s  d i s c u s s e d ,  H u n s i c k e r
l i s t e d  t h e  H a r v a r d  S t e p  T e s t  as a s i m p l e  method o f  m e a s u r in g  p h y s i c a l
f i t n e s s  f o r  m u s c u la r  w o rk  in young men.
3 IBrouha in a f u r t h e r  d i s c u s s i o n  o f  t h e  S t e p  T e s t  s t a t e d :
A s a t i s f a c t o r y  e s t i m a t e  o f  a m an 's  f i t n e s s  can be o b t a i n e d  by 
e x p o s i n g  him t o  a s t a n d a r d  e x e r c i s e  t h a t  no o n e  can p e r f o r m  in  a 
" s t e a d y  s t a t e "  f o r  more t h a n  a few m i n j t e s  and t a k i n g  i n t o  a c c o u n t  
two f a c t o r s :  t h e  l e n g t h  o f  t i m e  he can m a i n t a i n  i t  and t h e  d e c e l e r a ­
t i o n  o f  h i s  h e a r t  r a t e  a f t e r  e x e r c i s e .  For  t h i s  p u r p o s e  any t y p e  
o f  e x e r c i s e  can be used p r o v i d e d  t h a t  aach  s u b j e c t  w orks  a t  a 
c o n s t a n t  r a t e  p r o p o r t i o n a l  t o  h i s  body w e i g h t ,  t h a t  t h e  e x e r c i s e  
r e q u i r e s  no u n u su a l  s k i l l ,  and t h a t  t h e  e x e r c i s e  p u ts  t h e  c a r d i o ­
v a s c u l a r  and t h e  r e s p i r a t o r y  sys tem s u n d e r  r e a l  s t r e s s  by 
i n v o l v i n g  l a r g e  m u s c le  g r o u p s .
He f u r t h e r  s t a t e d  t h a t  t h e  H a r v a r d  S te p  T e s t  met  t h e s e  
r e q u i r e m e n t s  and d e s c r i b e d  how t h e  t e s t  was t o  be a d m i n i s t e r e d .  A 
f o r m u l a  was g i v e n  f o r  c o m p u t in g  a s c o r e  based on l e n g t h  o f  e x e r c i s e  
and p u l s e  c o u n t  and a t a b l e  o f  r e l a t i v e  c o n d i t i o n  was p r o v i d e d  f o r
use w i t h  t h e  computed s c o r e s .
32M i l l e r  and E l b e l  sum m arized  t h e  e f f e c t  upon p u l s e  r a t e  o f  
v a r i o u s  c ad en ces  in t h e  s t e p - u p  t e s t .  They  s t a t e d  t h a t  a s t e p  t e s t  
o f  one m i n u t e  d u r a t i o n  was g i v e n  t o  f i f t y - n i n e  m a l e  s t u d e n t s  on a
30 Pau l  H u n s i c k e r ,  " P h y s i c a l  F i t n e s s  T e s t s . "  J o u r n a l  o f  t h e  
Amer i can Assoc i a t  ion  f o r  H e a l t h .  Phys i c a l  Educat  i o n . and R e c r e a t  i o n .
28 ( S e p t e m b e r ,  1 9 5 7 ) ,  2 1 ,  6 8 ,  6 9 .
^ L u c i e n  B r o u h a ,  ' T h e  S t e p  T e s t :  A S i m p l e  Method o f  M e a s u r i n g  
P h y s i c a l  F i t n e s s  f o r  M u s c u l a r  Work in Young M e n . "  R e s e a r c h  Q u a r t e r l y .
1^ ( M a r c h ,  1 9 4 3 ) ,  3 1 .
32u „  ldo  M i l l e r  and Edwin R. E l b e l ,  ' T h e  E f f e c t  upon P u l s e  R a te  o f  
V a r i o u s  Cadences in t h e  S t e p - U p  T e s t . "  R e s e a rc h  Q u a r t e r l y .  17 (D e c e m b e r .  
1 9 ^ 6 ) ,  2 6 3 .  ---------------
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p l a t f o r m  s i x t e e n  inches h ig h .  The s tu d en ts  were  g iven  the  t e s t  a t  
cadences o f  18, 24 ,  3 0 ,  36 and 42 beats  per  m in u te .  The r e s u l t s  were  
as f o l l o w s :
1. A lower p u ls e  r a t e  one m in u te  a f t e r  e x e r c i s e  was recorded
when p e r fo r m in g  a t  18 -  24 bea ts  per  m in u te .
2 .  A h ig h e r  p u ls e  r a t e  one m in u te  a f t e r  e x e r c i s e  was found
when p e r fo rm in g  a t  36 -  42 bea ts  per  m in u te .
A s tudy on r e s p i r a t o r y  recov ery  a f t e r  a s h o r t  d u r a t i o n  o f
e x e r c i s e  was r e p o r te d  by A n d e r s e n . ^  He s t a t e d  t h a t  the  recovery
r a t e  was lowest  in the  age group from twenty  to t h i r t y  years  o f  age
and t h a t  t h i s  r a t e  grew h ig h e r  in a s t e a d i l y  in c r e a s in g  manner to
age s e v e n t y .  Andersen c o n t r i b u t e d  t h i s ,  a t  l e a s t  in p a r t ,  to  a
d ec re ase  in p h y s ic a l  a c t i v i t y  and s t a t e d  f u r t h e r  t h a t  body s i z e  is a
f a c t o r  in recovery  r a t e  be in g  longer  f o r  l a r g e r  persons.
34M e l l e r i w i c z  in a d is c u s s io n  o f  t h i s  t o p i c  re p o r te d  t h a t  th e  
number o f  h e a r t  bea ts  per  m in u te  can be reduced a p p ro x im a t e ly  f i f t y  
per  c e n t  by means o f  endurance t r a i n i n g .  He s t a t e d  t h a t  endurance  
t r a i n i n g  produces a l e n g th e n in g  o f  d i a s t o l e ,  a r e d u c t io n  in a r t e r y  
p re s s u re  and a r e d u c t io n  in th e  work r e q u i r e d  o f  the  h e a r t .
^ K .  Lange Andersen ,  " R e s p i r a t o r y  Recovery from E x e r c is e  o f  
S h o r t  D u r a t i o n . 11 H e a l t h  and F i t n e s s  in th e  Modern W o r ld . Pub l ished  by 
the  A t h l e t i c  I n s t i t u t e ,  1961.
34 H. M e l l e r o w i c z ,  ' T h e  E f f e c t s  o f  T r a i n i n g  on 0~ Consumption 
o f  th e  H e a r t  and I t s  Importance f o r  P r e v e n t io n  o f  Coronary I n s u f f i c i e n c y , "  
H e a l t h  and F i tn e s s  in th e  Modern W o r ld .  P u b l is h e d  by the  A t h l e t i c  
I n s t i t u t e ,  1961.
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35Capen s t u d i e d  t h e  e f f e c t  o f  s y s t e m a t i c  w e i g h t  t r a i n i n g  upon 
v a r i o u s  p h y s i c a l  c h a r a c t e r i s t i c s .  As a r e s u l t  o f  h i s  f i n d i n g s  he c o n ­
c lu d e d  t h a t  w e i g h t  t r a i n i n g  proved  as e f f e c t i v e  in  p r o m o t in g  m u s c u la r  
and c i r c u l o - r e s p i r a t o r y  en d u ra n c e  as a program e s p e c i a l l y  d e s ig n e d  t o  
d e v e lo p  th e s e  a s p e c t s  o f  f i t n e s s .
A l o s t ^  made a c o m p a r a t i v e  s tu d y  o f  two d i f f e r e n t  programs o f  
e x e r c i s e  upon d ev e lo pm ent  o f  c a r d i o v a s c u l a r  e f f i c i e n c y .  In t h i s  s tu d y  
t h e  p a r a l l e l  g roup method o f  e x p e r i m e n t a t i o n  was used .  One group  
p er fo rm e d  f o u r t e e n  i s o m e t r i c  e x e r c i s e s  d a i l y  and t h e  o t h e r  g roup ran  
one M+O-yard dash d a i l y .  Tne H a rv a rd  S te p  T e s t  was g iv e n  a t  t h e  
b e g in n i n g  and a t  t h e  end o f  t h e  e x p e r im e n t  t o  d e t e r m i n e  t h e  g a i n s  made 
by t h e  two groups in  o r d e r  t o  compare g ro u p s .  No r e a l  d i f f e r e n c e  was 
found between the  two programs in t h e i r  a b i l i t y  to  improve c a r d i o ­
v a s c u l a r  e n d u r a n c e .
I V .  SUMMARY OF RELATED LITERATURE
Four a u t h o r s  ad v o c a te d  t h a t  i s o m e t r i c  e x e r c i s e s  w e re  as e f f e c t i v e
a means o f  d e v e l o p i n g  s t r e n g t h  as i s o t o n i c  e x e r c i s e s .  These  i s o m e t r i c
37a d v o c a te s  w ere  S t e i n h a u s ,  W o lbers  and S i l l s ,  and A n d e rs e n .
35 Edward K. Capen, 'T h e  E f f e c t  o f  S y s t e m a t i c  W e ig h t  T r a i n i n g  on 
Power,  S t r e n g t h  and E n d u r a n c e . "  R e search  Q u a r t e r l y . 21 (May ,  1 9 5 0 ) ,  8 3 -
36 R o b e r t  A .  A l o s t ,  "A Compar ison o f  t h e  E f f e c t i v e n e s s  o f  I s o m e t r i c  
E x e r c i s e s  and 4 4 0 - Y a r d  Dash Running in D e v e lo p in g  C a r d i o v a s c u l a r  
E f f i c i e n c y , "  An u n p u b l is h e d  s t u d y ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  1962.
37 S t e i n h a u s ,  W o lb e rs  and S i l l s ,  and A n d e r s e n ,  l o c . c i t .
T h r e e  a u th o r s  w r o t e  t h a t  one c o n t r a c t i o n  p e r  day o f  s ix -s e c o n d
d u r a t i o n  was as e f f e c t i v e  as e x e r c i s e  bouts  o f  g r e a t e r  i n t e n s i t y  o r
d u r a t i o n .  These a u th o r s  w ere  S t e i n h a u s ,  R a r i c k  and L a rse n .
39M u l l e r  emphasized in h i s  study t h a t  an in c r e a s e  o v e r  p re v io u s
work  was a l l  t h a t  was n ec essa ry  t o  produce an in c r e a s e  in s t r e n g t h .
40Mathews and Kruse  found s t r e n g t h  i n c r e a s e s  w ere  p e c u l i a r  to  
t h e  i n d i v i d u a l .
In a s tudy c o n c e r n in g  th e  e f f e c t  o f  f r e q u e n c i e s  o f  i s o m e t r i c  
41e x e r c i s e  b o u ts ,  Barham found bouts  o f  f i v e  and t h r e e  days p e r  week
s i g n i f i c a n t l y  b e t t e r  than two days p e r  week.  F i v e  days per  week was
n ot  s i g n i f i c a n t l y  b e t t e r  than  t h r e e  days pe r  week in i n c r e a s i n g  s t r e n g t h ,  
42M a r c e l  r e v e a le d  t h a t  s u b j e c t s  h a v in g  a knowledge o f  r e s u l t s  
produced a s i g n i f i c a n t l y  g r e a t e r  s t r e n g t h  ga in  than s u b j e c t s  t h a t  were  
not  aware o f  t h e i r  p e r fo rm a n c e .
43Dennison r e p o r t e d  t h a t  i s o m e t r i c  e x e r c i s e s  improved m u scu la r  
end urance  and A l o s t  found t h a t  i s o m e t r i c  e x e r c i s e s  were  as e f f e c t i v e  
as 4 4 0 - y a r d  dash ru n n in g  in p ro d u c in g  an improvement in c a r d i o v a s c u l a r  
condi  t  i o n .
38 S t e i n h a u s ,  R a r i c k  and L a r s e n ,  J o e .  c i t .
^ M u l l e r ,  J o e .  c i t .
40Mathews and K ru s e ,  J o e .  c i  t .
41 Barham, l o c . c i t .
42M a r c e l ,  l o c .  c i t .
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ksIn s t u d i e s  r e l a t e d  to  r u n n in g  a c t i v i t i e s ,  M o reh o u s e  s t a t e d  
t h a t  tempo and pace  w e r e  o f  p r i m a r y  i m p o r t a n c e .
46H u n ts m a n '  r e v e a l e d  t h a t  most  coaches  a d v o c a t e d  i n t e r v a l  r u n n in g  
o f  f rom 100 t o  3 3 0  y a r d s  t o  d e v e l o p  e n d u r a n c e .
47L e i s  '  c o n d u c te d  a s t u d y  w h ich  r e v e a l e d  t h a t  age d i d  n o t  i n f l u e n c e
t h e  g a i n s  made in  r u n n i n g  p e r f o r m a n c e .  He c o n c lu d e d  t h a t  a o n e - m i n u t e
run f i v e  days p e r  week was as e f f e c t i v e  as t h r e e  o n e - m i n u t e  runs p e r
day f i v e  days p e r  w eek .
4SW i l k i n  found no s l o w i n g  in r u n n in g  p e r f o r m a n c e  due t o  w e i g h t  
t r a i n  i n g .
In s t u d i e s  r e l a t e d  to  c a r d i o v a s c u l a r  c o n d i t i o n i n g  two a u t h o r s
r e p o r t e d  t h a t  v a r s i t y  a t h l e t i c s  c o n t r i b u t e d  t o  t h e  c a r d i o v a s c u l a r
d e v e lo p m e n t  o f  t h e  p a r t i c i p a n t s .  T h e se  a u t h o r s  w e r e  M i c h a e l ,  G a l l o n  
49and H e n r y .
M c C l o y ^  in  a f a c t o r  a n a l y s i s  found f o u r  f a c t o r s  w h ic h  a f f e c t  
s c o re s  on f i t n e s s  t e s t s .  T h e se  w e r e  e n d u r a n c e ,  v e l o c i t y ,  m u s c u l a r  
e n d u r a n c e  and body b u i ' i d .
45 M o r e h o u s e ,  l o c . c i  t .
46 Huntsman,  l o c . c i  t .
47 L e i s , l o c . c i t .
48 W i I k i  n , l o c . c i t .
49 M i c h a e l ,  G a l l o n ,  and H e n r y ,  l o c . c j t .
50M c C lo y ,  l o c . c i t .
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B e l l  and Ostrow^* found d i s t a n c e s  o f  300 and 440 y a r d s ,  r e s p e c t i v e ­
l y ,  as th e  most e f f e c t i v e  means o f  measur ing endurance .
Three  au th o rs  r e p o r te d  t h a t  the  Harvard  Step  T e s t  was an e f f e c t i v e
means o f  measur ing c a r d i o v a s c u l a r  c o n d i t i o n .  These a u th o rs  were Osbon,
52Brouha,  and H u n s ic k e r .
In a s tudy concern ing  r a t e  o f  cadence on th e  step  t e s t ,  M u l l e r
53and E lb e l  found t h a t  a r a t e  o f  t h i r t y - s i x  to  f o r t y - t w o  bea ts  per
m in u te  would r a i s e  th e  p u ls e  r a t e .
54Andersen s t a t e d  t h a t  the lowest  r a t e  o f  recovery  a f t e r  e x e r c i s e
was in th e  group from tw en ty  to  t h i r t y  y ea rs  o f  age.
55M e l l e r o w i c z  r e p o r t e d  t h a t  through t r a i n i n g  the pu lse  r a t e  
could  be reduced f i f t y  per  c e n t .
C a p e n ^  s t a t e d  t h a t  w e ig h t  t r a i n i n g  improved c a r d i o v a s c u l a r  
c o n d i t i o n i n g ,  and Alost"*^ found no d i f f e r e n c e  between i s o m e t r i c  e x e r c is e s  
and 4 4 0 - y a r d  dash running  in d e v e lo p in g  c a r d i o v a s c u l a r  endurance.
No in fo r m a t io n  was found on the  s p e c i f i c  amount o f  e x e r c i s e ,  o r  
f re q u en c y  o f  bouts necessary  to produce s i g n i f i c a n t  gains in c a r d i o ­
v a s c u l a r  c o n d i t i o n .
^ B e l l  and Ostrow ,  l o c . c i  t .
52 Osbon, Brouha,  and H u n s ic k e r ,  l o c . c i  t .
“^ M u l l e r  and E l b e l ,  l o c . c i t .
54Andersen,  l o c . c i  t .
' ^ M e l l e r o w i c z ,  l o c . c i t .
^^Capen, l o c . c i t .
57 A l o s t ,  l o c . c i t .
CHAPTER I I I 
DESCRIPTION OF PROCEDURE
In t h i s  s tu d y  the  p a r a l l e l  g roup  t e c h n i q u e  o f  e x p e r i m e n t a t i o n  
was u s e d .  A t  the  b e g in n i n g  o f  the  s t u d y  th e  H a rv a r d  S te p  T e s t  was 
a d m i n i s t e r e d  t o  a l l  s u b j e c t s .  In  a d d i t i o n  t o  t h i s ,  the  s t u d e n t s  in  
the  i s o m e t r i c  t r a i n i n g  program were a d m i n i s t e r e d  s t r e n g t h  t e s t s  and  
s t u d e n t s  in  the  ru n n in g  program were g i v e n  a ru n n in g  t e s t .  A t  th e  
end o f  a p e r i o d  o f  seven weeks a l l  s u b j e c t s  were  a g a i n  t e s t e d  on 
the  b a t t e r y  a d m i n i s t e r e d  t o  them i n i t i a l l y .  The H a rv a r d  S te p  T e s t  
d e t e r m in e d  th e  e f f e c t  o f  th e  i s o m e t r i c  and ru n n in g  programs on 
c a r d i o v a s c u l a r  d e v e lo p m e n t .  F i n a '  s t r e n g t h  and ru nn ing  t e s t s  were  
used to  d e t e r m in e  the  e f f e c t i v e n e s s  o f  th e  r e s p e c t i v e  t r a i n i n g  
programs on d e v e lo p in g  p r o f i c i e n c y  in  t h a t  a c t i v i t y .
I .  THE PROGRAM OF PHYSICAL EDUCATION
W h i l e  t h i s  s tu d y  was be in g  c o n d u c te d ,  a l l  groups p a r t i c i p a t e d  
in  the  b a s i c  p h y s i c a l  e d u c a t i o n  c l a s s e s  a t  L o u i s i a n a  S t a t e
U n i v e r s i t y .  The i s o m e t r i c  t r a i n i n g  groups were  members o f  s e c t i o n s
w hich  w ere  engaged in  g o l f  c l a s s e s  d u r i n g  the  c o u rs e  o f  the  s t u d y .  
The ru n n in g  groups w ere  members o f  the  t e n n i s  s e c t i o n s  which a l s o  
engaged in  t h i s  a c t i v i t y  f o r  th e  e n t i r e  p e r i o d  o f  s t u d y .  W i t h  th e  
e x c e p t i o n  o f  the  i s o m e t r i c  and ru n n in g  e x e r c i s e s  p e r fo rm e d  by the
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r e s p e c t i v e  e x p e r im e n ta l  g roups ,  no c a l i s t h e n i c  or  body b u i l d i n g  program  
was engaged in by e i t h e r  group d u r in g  the seven-week p e r io d  o f  the  
s t u d y .
I I .  SELECTION OF SUBJECTS
Two hundred and f o r t y  freshmen and sophomore c o l l e g e  men were
chosen as s u b je c ts  f o r  t h i s  s tu d y .  The s u b je c t s  were members o f  the
b a s ic  p h y s ic a l  e d u c a t io n  c la s s e s  a t  L o u is ia n a  S t a t e  U n i v e r s i t y ,  Baton  
Rouge, L o u is ia n a  and none were members o f  a v a r s i t y  a t h l e t i c  team.
The ass ignment  to  a p a r t i c u l a r  p h y s ic a l  e d u c a t io n  c la s s  was made on a 
chance b a s i s .  Th is  manner o f  app o in tm ent  assured  the w r i t e r  t h a t  
the  s tu d e n ts  p a r t i c i p a t i n g  in the s tudy  were o f  random s e l e c t i o n  and 
r e p r e s e n t a t i v e  o f  the  t o t a l  male p o p u la t i o n  o f  the U n i v e r s i t y .
S tude n ts  were requested  to  meet in  the men's gymnasium f o r  the 
f i r s t  m eet ing  o f  c l a s s .  A t  t h i s  m eet ing  each s tu d e n t  was a l lo w e d  to  
choose the a c t i v i t y  in which he d e s i r e d  to  p a r t i c i p a t e .  Due to  the  
n a t u r e  o f  the  t r a i n i n g  programs a l l  s tu d e n ts  who chose g o l f  f o r  the f a l l  
sem ester  were p laced  in the i s o m e t r i c  t r a i n i n g  programs.  The s tu d en ts  
e l e c t i n g  te n n is  were used in the e x p e r im e n ta l  groups p a r t i c i p a t i n g  in 
the  running program o f  a c t i v i t i e s .
On the bas ts  o f  the  i n i t i a l  H arvard  Step  T es t  s u b je c ts  were
d i v i d e d  a t  th e  median i n t o  above and below average  groups w i t h i n  each 
c l a s s .  Th is  was done in o r d e r  to  s tudy the v a r i a b l e  o f  i n i t i a l  c a r d i o ­
v a s c u l a r  c o n d i t i o n .  F o l lo w in g  t h i s  d i v i s i o n  both g o l f  and ten n is  
s e c t io n s  o f  each c la s s  were e v a l u a t e d  w i t h  r e f e r e n c e  to  number and
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i n i t i a l  c o n d i t i o n  o f  s u b j e c t s  w i t h i n  a s e c t i o n .  F i n a l l y ,  g o l f  and t e n n i s  
s e c t i o n s  were s e l e c t e d  randomly f o r  t h e i r  f re q u e n c y  o f  p e r fo r m a n c e  in  
the  r e s p e c t i v e  e x e r c i s e  p ro g ra m s .
The s m a l l e s t  number o f  s t u d e n t s  ( t w e n t y )  a t  the  c o n c l u s i o n  o f  th e  
s tu d y  was in  Group C; t h e r e f o r e ,  due t o  th e  d e s ig n  o f  the  s t a t i s t i c a l  
method em ployed ,  tw en ty  s t u d e n t s  were  i n c l u d e d  in  the  s tu d y  from each  
g r o u p .  In o r d e r t o  e l i m i n a t e  s t u d e n t s  from groups c o n t a i n i n g  more than  
tw e n ty  s t u d e n t s ,  a t a b l e  o f  random numbers was u t i l i z e d .
I I I .  F A C IL IT IE S  AND EQUIPMENT
A t r i a n g u l a r  ru n n in g  c o u r s e ,  as i l l u s t r a t e d  in  A p p e n d ix  0 0 ,  was 
l a i d  o u t  on th e  L o u i s i a n a  S t a t e  U n i v e r s i t y  p h y s ic a l  e d u c a t i o n  f i e l d .
T h is  c o u rs e  was 560 ya rd s  in  l e n g t h .  The l a s t  leg  o f  the  c o u rs e  ran  
p a r a l l e l  to  a c y c lo n e  f e n c e .  Y a rd  m ark e rs  w ere  p l a c e d  e v e r y  f i v e  y a r d s  
on the fe n c e  f o r  the  measurement o f  d i s t a n c e  run in  one m i n u t e .  These  
m arkers  ranged from 320  y a r d s  t o  ^90  y a r d s .  T h is  range was w id e  enough  
t o  measure the  f a s t e s t  and s l o w e s t  ru n n e rs  o f  the  s t u d y .
A s e r i e s  o f  i s o m e t r i c  s t a l l s  was p r o v i d e d  f o r  the  s i x  e x e r c i s e s  
used in  t h i s  s t u d y .  The b a rs  were  a d j u s t a b l e  and s t u d e n t s  r o t a t e d  
from one p o s i t i o n  t o  a n o t h e r  in  the  p e r fo r m a n c e  o f  t h e i r  e x e r c i s e s .  The 
D r u r y - B r o u s s a r d  T orqu e  T a b l e ,  w h ic h  is  i l l u s t r a t e d  in  A p p e n d ix  NN, was 
used as th e  t e s t i n g  d e v i c e  f o r  the  i s o m e t r i c  g r o u p s .
The f o l l o w i n g  a d d i t i o n a l  f a c i l i t i e s  and e q u ip m en t  w ere  a l s o  used:
1 . P l a t f o r m s  tw e n ty  inches h i g h .
2 .  S i x  s t o p  w atches  o f  o n e - t e n t h  second a c c u r a c y  w e re  u se d .
3 .  A Metronome was u t i l i z e d  t o  m a i n t a i n  cadence  d u r i n g  the
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H a rv a r d  S tep  T e s t .
4 .  A w h i s t l e  was used t o  s i g n a l  the  end o f  one m in u te  o f  t ime
in  the  runn ing  t e s t .
5 .  C l o t h i n g  equ ipm ent  was t h a t  o f  the  r e q u i r e d  p h y s ic a l
e d u c a t i o n  u n i f o r m  c o n s i s t i n g  o f  boxer  s h o r t s ,  a t - s h i r t ,
and gym s h o e s .
I V .  HARVARD STEP TEST
The H a rv a r d  S tep  T e s t  as d e s c r ib e d  by McCloy was used in t h i s
5 t u d y .
The s u b j e c t  s tands  a t  a t t e n t i o n  in  f r o n t  o f  a bench o r  p l a t f o r m  
tw e n ty  inches h i g h .  An o b s e r v e r  s tan d s  beh ind  the s u b j e c t .  The 
s u b j e c t  p la c e s  one f o o t  on the  bench,  s te p s  up u n t i l  both f e e t  a r e  
f u l l y  on the  bench,  w i t h  the  legs  s t r a i g h t e n e d  and body e r e c t ,  and 
im m e d ia te ly  s te p s  down a g a in  one f o o t  a t  a t i m e j
P r i o r  t o  the a d m i n i s t r a t i o n  o f  the t e s t ,  i n s t r u c t i o n s  were g iv e n  
t o  s t u d e n ts  a c t i n g  as p u ls e  c o u n te r s  in  o r d e r  t o  i n s u r e  u n i f o r m i t y  o f  
p r o c e d u r e  and a minimum o f  c o n f u s io n  d u r in g  the  t e s t i n g  p e r i o d .  Two 
p u ls e  c o u n te r s  were used f o r  each s u b j e c t .  Both c o u n te rs  e n t e r e d  t h e i r  
cou nt  on the  s t u d e n t ' s  s c o re  c a rd  i r r e s p e c t i v e  o f  the  o t h e r ' s  c o u n t .
In  th e  f i n a l  a n a l y s i s  i f  the  counts  d i f f e r e d ,  an a v e r a g e  o f  the two 
sc o re s  was used as the  p u ls e  co u n t  f o r  t h a t  30 -se co n d  p e r i o d .  The 
cadence f o l l o w e d  by the s t u d e n ts  was c a l l e d  by the  i n v e s t i g a t o r  who 
u t i l i z e d  a metronome.
’ c .  H. McCloy and Norma Young, T e s ts  and Measurements in H e a l t h  
and P h y s ic a l  E d u c a t i o n . New Y o rk :  A p p l e t o n - C e n t u r y - C r o f t s , I n c . , 1 3^2,  
P.  3 0 3 .
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The p l a t f o r m s  used in  t h i s  s tu d y  w e re  o f  th e  recommended h e i g h t  
and l a r g e  enough t o  a l l o w  e i g h t  s t u d e n t s  t o  be t e s t e d  a t  one p l a t f o r m .  
Two p l a t f o r m s  w e re  used in  th e  t e s t i n g  p e r i o d s .  The w r i t e r  began th e
t e s t ,  c o u n te d  c a d e n c e ,  and i n fo r m e d  t h e  p a r t i c i p a n t s  a t  t h e  c o n c l u s i o n
o f  each  f u l l  m i n u t e  o f  e x e r c i s e .  A t  th e  c o n c l u s i o n  o f  t h e  f i v e  m in u te s  
o f  e x e r c i s e  a l l  p u l s e  c o u n t e r s  w ere  in fo r m e d  as t o  when t o  b e g i n  and  
cea se  c o u n t i n g  f o r  each  o f  t h e  t h r e e  t h i r t y - s e c o n d  p e r i o d s .
Two t o  t h r e e  t i m e r s  w e re  used t o  h e l p  in  a d m i n i s t e r i n g  th e  t e s t
a t  each  p l a t f o r m .  In  th e  e v e n t  a s t u d e n t  was u n a b le  t o  c o n t i n u e  f o r  
th e  f u l l  f i v e  m in u te s  th e  t i m e r s  a t  t h e  r e s p e c t i v e  p l a t f o r m s  t o o k  o v e r  
and a d v i s e d  th e  p u l s e  c o u n t e r s  f o r  t h a t  s u b j e c t .  A p h o to g r a p h  o f  th e  
a r r a n g e m e n t  used in  th e  a d m i n i s t r a t i o n  o f  th e  S t e p  T e s t  is  p r o v i d e d  in  
A p p e n d ix  PP.
V .  RUNNING TEST
A t r i a n g u l a r  c o u r s e  as i l l u s t r a t e d  in  A p p e n d ix  00  was used f o r  
th e  ru n n in g  t e s t .  T h i s  t e s t  was a d m i n i s t e r e d  t o  g roup s  o f  s t u d e n t s  in  
p a i r s .  The e n t i r e  t e s t  p r o c e d u r e  was e x p l a i n e d  t o  t h e  s t u d e n t s  and  
th en  th e  c l a s s  was p a i r e d  f o r  t e s t i n g  p u r p o s e s .  T h i s  p a i r i n g  was done  
t o  p r o v i d e  a r e c o r d e r  f o r  each  s t u d e n t ;  one s t u d e n t  ra n  w h i l e  th e  o t h e r  
a c t e d  as a r e c o r d e r .
The s t u d e n t s  w ere  1 ined  up and the  t e s t  was begun by a w h i s t l e .  
S t u d e n t s  w e re  i n s t r u c t e d  t o  run a t  th e  f a s t e s t  r a t e  th e y  c o u l d  m a i n t a i n  
f o r  one m i n u t e .  A t  th e  end o f  f i f t y  seconds th e  w r i t e r  s t a r t e d  a lo u d  
c o u n t -d o w n  t o  s i x t y  so  t h a t  t h e  p a r t n e r  c o u l d  move i n t o  a  p o s i t i o n  t o
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mark the  s u b j e c t ' s  l o c a t i o n  a t  the  c o n c lu s io n  o f  the  r a c e .  S tu d e n ts  
were i n s t r u c t e d  t o  be r i g h t  b e s id e  th e  s u b j e c t  a t  the  c l o s i n g  w h i s t l e  
and t o  mark h i s  l o c a t i o n .  The r e c o r d i n g  s t u d e n t  then measured,  in  
r e f e r e n c e  t o  the markers  on the  f e n c e ,  the  s t u d e n t ' s  d i s t a n c e  to  the  
n e a r e s t  y a r d .  Th is  i n f o r m a t i o n  was then p r e s e n t e d  to  the a u t h o r .
V I .  STRENGTH TESTS
The bench p r e s s ,  i eg c u r l ,  and leg  e x t e n s i o n  s t r e n g t h  t e s t s  
w ere  used t o  d e t e r m in e  the  e f f e c t i v e n e s s  o f  the  i s o m e t r i c  program o f  
a c t i v i t i e s .  These t e s t s  w i l l  be d e s c r ib e d  be low .
Bench P r e s s . T h is  t e s t  was begun from a sup ine  p o s i t i o n  under  
the  leg  l e v e r  o f  the  Torque T a b l e .  The s u b j e c t  was p la c e d  i n t o  p o s i t i o n
so t h a t  the i n t e r s e c t i o n  o f  the  c r o s s -a r m  and l e v e r - a r m  o f  the  Torque
T a b le  were  d i r e c t l y  o v e r  th e  s te rn u m .  Two s t u d e n ts  s a t  on the f r o n t
edge o f  the  Torque T a b le  t o  p r e v e n t  the  t a b l e  f rom l e a v i n g  the f l o o r .
S tu d e n ts  were i n s t r u c t e d  t o  e x e r t  a maximal e f f o r t  f o r  t h r e e  
seconds and t h a t  they  would  be s t a r t e d  and stopped by the w r i t e r .  The 
w r i t e r  assumed a p o s i t i o n  in  f r o n t  o f  the  Torque gauge and recorded  
the  h i g h e s t  p r e s s u r e  a t t a i n e d  t o  the  n e a r e s t  f i v e  f o o t  pounds o f  
p r e s s u r e .  A pho tograph  o f  the  p r o c e d u r e  is  shown in  Append ix  QQ..
Leg E x t e n s i o n . The s u b j e c t  assumed a su p in e  p o s i t i o n  w i t h  the  
legs  e x te n d e d  and p r o t r u d i n g  o f f  th e  edge o f  the  t a b l e .  The s u b j e c t  
was i n s t r u c t e d  t o  g ra s p  the  t a b l e  on e i t h e r  s i d e  o f  h is  head and to  
keep h i s  s h o u ld e r s  and upper  back in  c o n t a c t  w i t h  the  t a b l e  d u r in g  the  
t e s t .  The leg l e v e r  was a d j u s t e d  in  such a manner t h a t  i t  would o f f e r
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r e s i s t a n c e  t o  th e  q u a d r i c e p s  upon e x t e n s i o n  o f  th e  l e g s .  The c u s h io n e d  
p a r t  o f  t h e  l e v e r - a r m  was p l a c e d  a g a i n s t  t h e  le g s  a t  th e  a n k l e .
The s u b j e c t  was t e s t e d  f o r  t h r e e  seconds w i t h  t h e  maximum 
p r e s s u r e  e x e r t e d  b e in g  r e c o r d e d .  A p h o to g r a p h  o f  t h e  t e s t i n g  p r o c e d u r e  
can  be seen in  A p p e n d ix  R R .
Leg C u r l  . The s u b j e c t  assumed a p r o n e  p o s i t i o n  w i t h  th e  knees  
j u s t  o f f  th e  edge o f  th e  t a b l e .  The s t u d e n t  was i n s t r u c t e d  t o  w ra p  h i s  
arms a roun d  th e  un d er  s i d e  o f  th e  t a b l e  and g r i p  i t  s e c u r e l y .  The le g  
l e v e r  was a d j u s t e d  t o  o f f e r  r e s i s t a n c e  t o  t h e  t r i c e p s  femorus m u s c le s  
when th e  l e g  was f l e x e d .  The s u b j e c t  was t e s t e d  f o r  t h r e e  seconds w i t h  
t h e  maximum p r e s s u r e  e x e r t e d  b e in g  r e c o r d e d .  A p h o to g r a p h  o f  t h i s  
t e s t i n g  p o s i t i o n  can be seen in  A p p e n d ix  S S .
V I I .  TRAINING PROCEDURE
A b a t t e r y  o f  s i x  e x e r c i s e s  was used as th e  e x e r c i s e  p ro g ra m  f o r  
t h e  g ro u p s  p e r f o r m i n g  i s o m e t r i c  e x e r c i s e s .  These e x e r c i s e s  i n c l u d e d  
t h e  bench p r e s s ,  l e g  c u r l ,  leg  e x t e n s i o n ,  dead l i f t ,  f o r e a r m  c u r l  and  
s h o u l d e r  s h r u g .  Each e x e r c i s e  was p e r f o r m e d  f o r  a t e n - s e c o n d  d u r a t i o n  
and a l l  e x e r c i s e s  w e re  p e r f o r m e d  by a l l  g o l f  s t u d e n t s  a t  t h e  b e g i n n i n g  
o f  each  c l a s s  p e r i o d .  P i c t u r e s  o f  a d e m o n s t r a t o r  p e r f o r m i n g  t h e  s i x  
e x e r c i s e s  a r e  p r e s e n t e d  in  A p p e n d ic e s  TT th r o u g h  Y Y . F o l l o w i n g  a r e  
d e s c r i p t i o n s  o f  th e  d i f f e r e n t  e x e r c i s e s .
Bench P r e s s . T h i s  is  an e x e r c i s e  d e s ig n e d  t o  d e v e lo p  c h e s t  
m u s c le s ,  d e l t o i d s ,  and t r i c e p s .  The i n d i v i d u a l  assumed a s u p in e  
p o s i t i o n  and g r a s p e d  th e  b a r  w h ic h  s h o u ld  be f rom  e i g h t  t o  t w e l v e
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inches above the  c h e s t .  A maximum e f f o r t  was then e x e r t e d  a g a i n s t  
the  b a r .
Leg E x t e n s i o n . From a su p in e  p o s i t i o n  the bar  was a d j u s t e d  
so t h a t  the  legs  formed an a n g le  o f  a p p r o x i m a t e l y  120 d e g re e s .  The 
i n d i v i d u a l  p la c e d  the  f e e t  a g a i n s t  the  bar  and e x e r t e d  a maximum 
e f f o r t .
Leg C u r l . Working in  p a i r s ,  one s u b j e c t  assumed a prone  
p o s i t i o n  and a t te m p te d  to  f l e x  the legs w h i l e  h is  p a r t n e r  r e s t r a i n e d  
h im .  They then re v e rs e d  p o s i t i o n s .
Dead L i f t . The i n d i v i d u a l  p la c e d  the  bars  j u s t  below the knee 
caps w i t h  the  legs  s l i g h t l y  b e n t .  The b a r  was grasped  w i t h  the hands 
i n  a p r o n a te d  p o s i t i o n  h o ld in g  the  back s t r a i g h t  and keeping the  head 
up.  The s u b j e c t  e x e r t e d  p r e s s u r e  in  an upward d i r e c t i o n .
Forearm C u r l . T h is  e x e r c i s e  was used to  dev e lo p  the b iceps  
and b r a c h i a l  is  m u s c le s .  The bar  was p la c e d  a t  w a i s t  l e v e l .  The 
s u b j e c t  h e ld  the  elbows a t  the s i d e  w i t h  fo rearm s e x ten d ed  and in  
f r o n t  o f  the h i p s .  The s u b j e c t  then a t te m p te d  t o  f l e x  the arms.
S h o u ld e r  S h r u g . T h is  e x e r c i s e  was pe r fo rm ed  from an e r e c t  
p o s i t i o n  w i t h  the bars  in the hands as they  were ex tend ed  and in 
f r o n t  o f  the t h i g h s .  The b a r  was grasped  and an a t t e m p t  was made to  
r a i s e  the  bar  by the c o n t r a c t i o n  o f  the  d e l t o i d s  and t r a p e z i u s  
m u s c l e s .
A l l  s t u d e n t s  were r e q u i r e d  to  do one s e t  o f  each e x e r c i s e .
A l l  e x e r c i s e s  were to  be done w i t h  a maximum c o n t r a c t i o n  h e ld  f o r  a 
t e n -s e c o n d  p e r i o d  o f  t i m e .  To the  b e s t  o f  the  w r i t e r ' s  knowledge,
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th e  i s o m e t r i c  g ro u p  d i d  n o t  engage  in  any o t h e r  s t r e n u o u s  p h y s i c a l  
a c t i v i t y  d u r i n g  th e  l e n g t h  o f  t h i s  s t u d y .
Runn i n g . The r u n n in g  p ro g ram  o f  a c t i v i t y  c o n s i s t e d  o f  th e  
one m i n u t e  run d e s c r i b e d  in  the  t e s t i n g  p r o c e d u r e .  T h i s  t e s t  was 
p e r f o r m e d  a t  th e  c o n c l u s i o n  o f  the  c l a s s  p e r i o d  by s u b j e c t s  p a r t i c i ­
p a t i n g  in  th e  s t u d y .
V I I I .  COLLECTION OF DATA
M easurem ents  f o r  th e  i s o m e t r i c  g ro u p  w ere  r e c o r d e d  e v e r y  two  
w e e k s .  On days when a r e c o r d i n g  was d e s i r e d ,  s t u d e n t s  p e r f o r m e d  
t h a t  p a r t i c u l a r  e x e r c i s e  on th e  T o rq u e  T a b l e  b e f o r e  d o in g  any  o t h e r  
e x e r c i s e s .  The i n v e s t i g a t o r  f o l l o w e d  t h e  t e s t i n g  p r o c e d u r e  d u r i n g  
each  r e c o r d i n g  p e r i o d  and the  s c o r e  was o b s e r v e d  and r e c o r d e d  by t h e  
wr i t e  r .
In  o b t a i n i n g  m easurem ents  on t h e  r u n n in g  p e r f o r m a n c e  t e s t ,  a
s e t  p r o c e d u r e  was f o l l o w e d  on m a r k in g  days in  an e f f o r t  t o  be
c o n s i s t e n t  and o b t a i n  a c c u r a t e  m e a s u re m e n ts .  The p r o c e d u r e  used was
. 2
s i m i l a r  t o  t h e  one d e s c r i b e d  by L e i  s .  Each s u b j e c t  who ran  had an  
a s s i g n e d  p a r t n e r  who o b s e r v e d  and r e p o r t e d  h i s  d i s t a n c e  to  th e  
i n v e s t i g a t o r .  R a e o r d e r s  l i n e d  up d i r e c t l y  b e h in d  t h e  r u n n e r s  a t  
th e  o u t s e t  o f  t h e  r u n .  A t  t h i s  t im e  t h e  r u n n e rs  n o t i f i e d  t h e  m a r k e r
Hans L e i s ,  "The  E f f e c t  o f  Age,  and th e  F re q u e n c y  and I n t e n s  i t y  
o f  T r a i n i n g  S c h e d u le s  on Running  P e r f o r m a n c e . "  U n p u b l is h e d  D o c t o r a l  
D i s s e r t a t i o n .  £ a t o n  R o r g e ,  L o u i s i a n a :  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  
I 9 6 0 ,  87  p p .
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o f  the  d i s t a n c e  he had co v e re d  in  h i s  p r e v io u s  o n e -m in u te  ru n .  The 
m arkers  were  then aware o f  th e  a p p r o x im a t e  d i s t a n c e  t h a t  would be 
co v e re d  and moved to  t h a t  p o i n t  on the  f i e l d .  B e g in n in g  a t  f i f t y  
seconds,  a one -second count-down was g i v e n  o r a l l y  by the t im e r  u n t i l  
th e  w h i s t l e  was blown t o  d en o te  the  e x p i r a t i o n  o f  th e  60 -s e c o n d  run .  
T h is  count-down a l lo w e d  the  m arkers  t o  a d j u s t  them selves  so as to  be 
v e r y  n e a r  the ru n n e r  a t  the  t e r m i n a t i o n  o f  the 6 0 -se co n d  r u n .  The 
sp o t  a t  which each i n d i v i d u a l  ru n n e r  was a t  the  end o f  the m inute  
run was n o t e d .  The d i s t a n c e  was then measured on the  fence  and 
re c o rd e d  on a t a b u l a t i o n  s h e e t .  On days when no measurement was 
t a k e n ,  each ru n n e r  o bs erved  the  d i s t a n c e  he had c o v ered  when the  
w h i s t l e  i n d i c a t e d  the end o f  the r u n .
I n d i v i d u a l  sco re  cards  were  p r e s e n te d  to  each s t u d e n t  p r i o r  
t o  the  a d m i n i s t r a t i o n  o f  the  H a rv a r d  S tep  T e s t .  Both r e c o r d e r s  
e n t e r e d  the t h r e e  p u ls e  cou nts  observed  f o r  the  s u b j e c t  they  were  
m e a s u r in g .  The a v e r a g e  o f  the  p u ls e  counts  f o r  a 30 -second  p e r i o d  
was used as the s t u d e n t ' s  p u ls e  c o u n t .  Obvious e r r o r s  were o m i t t e d .  
T h is  datum was l a t e r  t a b u l a t e d  and sco res  were d e r i v e d  by the  
i nves t  i g a t o r .
IX .  STATISTICAL DESIGN
An a n a l y s i s  o f  v a r i a n c e  w i t h  a t r e a t m e n t  by l e v e l s  o f  i n i t i a l  
c o n d i t i o n  was used in  t h i s  s t u d y .  T h is  d e s ig n  was as f o l l o w s :
A1 A2 
8 l B2 B1 B2
C1 C2 C3 C1 C2 C3 C1 ° 2  C3 C1 ° 2  C3
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Aj " Those s t u d e n t s  s c o r i n g  abo ve  a v e r a g e  on th e  i n i t i a l  
H a r v a r d  S t e p  T e s t  
A2 ~ Those s t u d e n t s  s c o r i n g  b e lo w  a v e r a g e  on th e  i n i t i a l  
H a r v a r d  S t e p  T e s t  
Bj -  I s o m e t r i c  t r a i n i n g  program
B2 “ Runn ing  p rogram  o f  e x e r c i s e
-  Groups e x e r c i s i n g  two days p e r  week
C2 -  Groups e x e r c i s i n g  t h r e e  days p e r  week
C j  -  Groups e x e r c i s i n g  f i v e  days p e r  week
X.  TREATMENT OF DATA
The L o u i s i a n a  S t a t e  U n i v e r s i t y  Computer  R e s e a r c h  C e n t e r  was 
u t i l i z e d  in  th e  s t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  g a t h e r e d .  A l l  raw  
d a t a  w ere  e n t e r e d  on IBM s c o r e  s h e e t s  w h ic h  w e re  used t o  p r o v i d e  
i n f o r m a t i o n  f o r  th e  p r o p e r  pun ch in g  o f  the  IBM c a r d s .  These c a r d s  
w e re  in  t u r n  used t o  compute  the  f i n a l  r e s u l t s .
An a n a l y s i s  o f  v a r i a n c e  was computed b e tw een  c o n d i t i o n ,
a c t i v i t y ,  f r e q u e n c y ,  c o n d i t i o n  by a c t i v i t y ,  c o n d i t i o n  by f r e q u e n c y ,
a c t i v i t y  by f r e q u e n c y  and c o n d i t i o n  by a c t i v i t y  by f r e q u e n c y .  The  
mean g a i n ,  t - s t a t i s t i c  and p r o b a b i l i t y  w ere  computed f o r  th e  d i f f e r e n t  
f r e q u e n c i e s  o f  e x e r c i s e  on t h e  H a r v a r d  S t e p  T e s t  g a i n  and f o r  th e  
s t r e n g t h  and r u n n in g  t e s t  g a i n s .  In  a d d i t i o n  t o  t h i s  l i n e a r  and non­
l i n e a r  r e l a t i o n s h i p s  w ere  computed f o r  the  g a i n s  on a l l  t e s t s  used in  
t h e  s t u d y .
CHAPTER IV 
PRESENTATION AND ANALYSIS OF DATA
The s t a t i s t i c a l  d e s ig n  used t o  a n a l y z e  tne outcomes o f  t h i s  
study  was a t h r e e  f a c t o r  a n a l y s i s  o f  v a r i a n c e .  The e x p e r im e n t a l  
d e s ig n  is  s i m i l a r  to  the  Type I I I  d e s ig n  d e s c r ib e d  by L i n d q u i s t . '  
The t o t a l  sum o f  squares  in  t h i s  d e s ig n  may be a n a ly z e d  i n t o  seven  
components: t h r e e  main e f f e c t s ,  t h r e e  t w o - f a c t o r  i n t e r a c t i o n s ,  and 
one t h r e e - f a c t o r  i n t e r a c t i o n .  The t h r e e  main e f f e c t s  in t h i s  s tudy  
a r e  i n i t i a l  c a r d i o v a s c u l a r  c o n d i t i o n ,  the  program o f  t r a i n i n g ,  and 
the  f re q u e n c y  o f  e x e r c i s e .  The t h r e e  t w o - f a c t o r  i n t e r a c t i o n s  a r e  
the  v a r i o u s  two-way c o m b in a t io n s  o f  the  main e f f e c t s ,  and the  
t h r e e - f a c t o r  i n t e r a c t i o n  is  between the  t h r e e  main e f f e c t s .  A 
summary o f  t h i s  a n a l y s i s  is  p r e s e n te d  in  T a b le  I I I ,  page *+3 r
I .  ESTABLISHING THE SIGNIFICANCE OF THE MEAN GAINS 
OF THE FREQ.UENC IES OF TRAINING SCHEDULE
The mean g a in s  in  H a rv a rd  S tep  T e s t  sco re  p o i n t s  ac h ie v e d  
by the tw e lv e  groups engaged in  the  t h r e e  f r e q u e n c i e s  o f  t r a i n i n g  
a r e  shown in  T a b le  I ,  page k \ . The mean g a i n  f o r  the  groups  
e x e r c i s i n g  two days pe r  week was le s s  than  t h a t  o f  the o t h e r  two 
g r o u p s .  The t - r a t i o  o b t a i n e d  in  t h i s  a n a l y s i s  was 9 . 1 7  which was
' e . F .  L i n d q u i s t ,  Des ign  and A n a l y s i s  o f  E x p e r im e n ts  in  
Psychology and E d u c a t i o n . Boston:  Houghton M i f f l i n  C o . ,  195^7  
pp .  2 S 1 - & .
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s i g n i f i c a n t  a t  th e  1 p e r  c e n t  l e v e l .  S i n c e  th e  d e g re e s  o f  f reedom  f o r  
a l l  g ro u p s  w e re  th e  same, i t  can be i n f e r r e d  t h a t  the  mean g a i n s  o f  
a l l  f r e q u e n c i e s  w e re  s i g n i f i c a n t  a t  t h e  1 p e r  c e n t  l e v e l .  The mean 
g a i n s ,  t  s c o r e s  and l e v e l  o f  c o n f i d e n c e  a r e  shown in  th e  t a b l e  b e l o w .
TABLE 1
SIGNIFICANCE OF GAIN IN HARVARD STEP TEST SCORES 
FOR DIFFERENT FREQ.UENC IES
F req u en cy  
o f  E x e r c i s e Mean G a in t P
2 days p e r  week 7 . 3 9 . 1 7 .01
3 days p e r  week 9 . 0 9 1 1 . h i .01
5 days p e r  week 1 0 . 6 1 3 . 3 2 .01
11.  ESTABLISHING THE SIGNIFICANCE OF THE MEAN GAINS IN 
STRENGTH AND RUNNING PERFORMANCE AS PRODUCED BY 
THE RESPECTIVE TRAINING PROGRAMS
In o r d e r  t o  d e t e r m i n e  the  e f f e c t i v e n e s s  o f  th e  two e x p e r i m e n t a l  
t r a i n i n g  program s in  th e  d e v e lo p m e n t  o f  t h e i r  p a r t i c u l a r  a s p e c t  o f  
p e r f o r m a n c e ,  a t - t e s t  was computed f o r  eac h  o f  th e  a c t i v i t y  t e s t s  
a d m i n i s t e r e d .  Tha g roup s  engaged  i n  i s o m e t r i c  e x e r c i s e s  w e re  g i v e n  
t h r e e  s t r e n g t h  t e s t s  c o n s i s t i n g  o f  th e  bench p r e s s ,  l e g  e x t e n s i o n ,  and 
l e g  f l e x i o n  t e s t s .  As shown in  _ra b l e  I I ,  page h i ,  a l l  t - r a t i o s  
computed w ere  s i g n i f i c a n t  a t  th e  1 p e r  c e n t  l e v e l .  These  r a t i o s  
i n d i c a t e  t h a t  th e  i s o m e t r i c  p rogram  engaged i n  d u r i n g  t h i s  s t u d y  
c o n t r i b u t e d  s i g n i f i c a n t l y  t o  the  s t r e n g t h  d e v e lo p m e n t  o f  t h e  s u b j e c t s
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I n v o l v e d .  The t - t e s t  computed between i n i t i a l  mean and f i n a l  mean 
sco re s  in  the  runn ing  t e s t  produced a t - r a t i o  o f  2 3 . 9  which was s i g ­
n i f i c a n t  a t  the  1 p e r  c e n t  l e v e l .  T h is  i n d i c a t e s  a s i g n i f i c a n t  
c o n t r i b u t i o n  was made by the runn ing  program on th e  running  per fo rm ance  
o f  the  s u b je c t s  i n v o l v e d .  The mean g a i n ,  t - r a t i o  and l e v e l  o f  
c o n f i d e n c e  a r e  shown in  the t a b l e  b e lo w .
TABLE t I
SIGNIFICANCE OF GAIN IN ACTIVITY TEST SCORES
T r a  i n i ng 
Programs Tes t Mean Ga i n t . . . . .  P
1sometr  i c Bench Press 5 3 . 7  f t .  l b s . 5 . 6 8 .01
Leg Curl 4 5 . 0  f t .  l b s . 3 . 0 2 .01
Leg E x te n s io n 6 0 . 6  f t .  l b s . 15.11 .01
Runn i nq One M in u te  Run 2 8 . 8  yards 2 3 . 9 .01
1 1 1. COMPLETE ANALYSIS OF VARIANCE OF THE GAIN SCORES OF 
TWELVE EXPERIMENTAL GROUPS FOLLOWING 
DIFFERENT TRAINING SCHEDULES
A f a c t o r i a l  d e s ig n  which a l l o w s  the be tw een-groups  sum o f  
squares  t o  be p a r t i t i o n e d  i n t o  t h r e e  main e f f e c t s  and f o u r  i n t e r ­
a c t i o n  e f f e c t s  was used in  t h i s  a n a l y s i s .  The t h r e e  main e f f e c t s  
w ere :  (1 )  i n i t i a l  c a r d i o v a s c u l a r  c o n d i t i o n ;  (2 )  program o f  t r a i n i n g ;
and (3 )  f re q u e n c y  o f  p e r fo r m a n c e .  The i n t e r a c t i o n  e f f e c t s  were the  
v a r i o u s  i n t e r a c t i o n s  o f  t h e  t h r e e  v a r i a b l e s  m ent ioned  a b o v e .  The 
r e s u l t s  o f  t h i s  a n a l y s i s  a r e  summarized in  T a b le  I I I .
TABLE 11 I
COMPLETE ANALYSIS OF VARIANCE OF MEAN GAIN SCORES FOR TVELVE GROUPS 
OF SUBJECTS TESTED UNDER DIFFERENT TRAINING SCHEDULES
S o u rc e  o f  V a r i a t i o n
Sum o f  
S q u a re s d f
Mean
S q u a re f P
T o t a l 1 5 6 7 6 . 3 6 0 2 3 9
Between i n i t i a l  c o n d i t i o n 31 4 0 .7 1 1 31 4 0 .7 1 61 .9 5 .01
Between ty p e s  o f  t r a i n i n g  
a c t  i v i t y 2 9 . 4 0 1 2 9 . 4 0 <1
Between f r e q u e n c i e s  o f  
t r a i  n in g 4 3 9 . 9 6 2 21 9 . 9 8 4 . 3 4 .0 5
I n t e r a c t i o n :  c o n d i t i o n  and  
a c t  i v i t y 9.51 1 9 .51 <1
I n t e r a c t i o n :  c o n d i t i o n  and  
f r e q u e n c y 4 5 1 . 8 8 2 2 2 5 . 9 4 4 . 4 6 .0 5
I n t e r a c t i o n :  a c t i v i t y  and 
f r e q u e n c y 1 9 . 8 4 2 9 . 9 2 <1
I n t e r a c t i o n :  c o n d i t i o n  and  
a c t i v i t y  and f r e q u e n c y 2 4 . 8 6 2 1 2 . 4 3 <1
E r r o r 1 1 5 6 0 . 2 0 2 28 5 0 . 7 0
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The T r i p l e  I n t e r a c t i o n  E f f e c t  o f  I n i t i a l  C a r d i o v a s c u l a r  C o n d i t i o n ,  Type  
o f  T r a i n i n g  Program and Frequency o f  P e r fo rm ance  on G a in  in  H a rv a rd  
S te p  T e s t  S c o r e s .
As shown in  T a b le  I I I ,  the  F - r a t i o  o b t a i n e d  f o r  the  t r i p l e  
i n t e r a c t i o n  o f  i n i t i a l  c o n d i t i o n ,  t r a i n i n g  program and f re q u en c y  o f  
e x e r c i s e  was le s s  than one, which i n d i c a t e s  a n o n - s i g n i f i c a n t  r e l a t i o n ­
s h i p .  T h e r e f o r e ,  i t  may be s t a t e d  t h a t  the v a r i a t i o n  between the  
t w e lv e  e x p e r im e n t a l  groups was not  the  r e s u l t  o f  t h i s  t r i p l e  i n t e r ­
a c t i o n  e f f e c t .
The I n t e r a c t i o n  E f f e c t  o f  A c t i v i t y  and Frequency o f  T r a i n i n g  V a r i a b l e s  
on Gains in  H a rv a r d  S te p  T e s t  S c o r e s .
The r e s u l t s  o f  the  i n t e r a c t i o n  between a c t i v i t y  and f requency  
i s  shown in  T a b le  111. The F - r a t i o  o b t a i n e d  f o r  the i n t e r a c t i o n  
between type  o f  a c t i v i t y  and f re q u e n c y  o f  e x e r c i s e  was le s s  than one .  
T h is  r a t i o  was not  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  the 5 pe r  c e n t  l e v e l  
o f  c o n f i d e n c e .  T h e r e f o r e ,  i t  may be s t a t e d  t h a t  the v a r i a t i o n  between  
the  tw e lv e  e x p e r im e n t a l  groups was n o t  the  r e s u l t  o f  an i n t e r a c t i o n  
between th ese  two v a r i a b l e s .
The I n t e r a c t i o n  E f f e c t  o f  I n i t i a l  C o n d i t i o n  and Frequency o f  Performance  
V a r i a b l e s  on Gains in  H a rv a r d  S t e p  T e s t  S c o r e s .
As shown in  T a b le  I I I ,  the  F - r a t i o  o b t a i n e d  f o r  the  i n t e r a c t i o n  
e f f e c t  o f  i n i t i a l  c o n d i t i o n  and f re q u e n c y  o f  per fo rm an ce  was 4 . 4 6 .
T h is  r a t i o  was s i g n i f i c a n t  a t  th e  5 p a r  c e n t  l e v e l  o f  c o n f i d e n c e .  I t  
may be assumed t h a t  the v a r i a b i l i t y  in  g a in s  in  S te p  T e s t  scores  was
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due in  p a r t  t o  th e  i n t e r a c t i o n  o f  th e  v a r i a b l e s  o f  i n i t i a l  c o n d i t i o n  
and f r e q u e n c y  o f  p e r f o r m a n c e  o f  e x e r c i s e .  T h is  i n t e r a c t i o n  e f f e c t  
may be e x p l a i n e d  in  t h a t  th e  b e lo w  a v e r a g e  g roup s  w h ic h  e x e r c i s e d  
two days p e r  week g a i n e d  more th an  t h e  abo ve  a v e r a g e  g r o u p s  e x e r c i s i n g  
t h r e e  and f i v e  days p e r  w e e k .  To f u r t h e r  a n a l y z e  t h i s  s i g n i f i c a n t  
i n t e r a c t i o n  e f f e c t ,  t h e  i n t e r a c t i o n s  o f  th e s e  v a r i a b l e s  w i l l  be 
i s o l a t e d  and s t u d i e d .
The I n t e r a c t i o n  E f f e c t  o f  I n i t i a l  C o n d i t i o n  and A c t i v i t y  V a r i a b l e s  on  
G a in s  in  H a r v a r d  S t e p  T e s t  S c o r e s .
The r e s u l t s  o f  t h e  F - r a t i o  computed b e tw een  t h e s e  two v a r i a b l e s  
i s  shown in  T a b l e  I I I .  The F - r a t i o  p ro d u c e d  was l e s s  t h a n  one w h ic h  
was n o t  s i g n i f i c a n t  a t  the  5 p e r  c e n t  l e v e l .  I t  may be c o n c lu d e d  t h a t  
t h e  v a r i a t i o n  b e tw een  th e  t w e l v e  e x p e r i m e n t a l  g roup s  was n o t  t h e  
r e s u l t  o f  an i n t e r a c t i o n  b e tw een  th e  i n i t i a l  c o n d i t i o n  and a c t i v i t y  
v a r  i a b l e s .
The E f f e c t  o f  F r e q u e n c y  o f  E x e r c i s e  Upon G a in  i n  H a r v a r d  S t e p  T e s t  
S c o r e s .
The F - r a t i o ,  as shown in  T a b l e  I I I ,  f o r  t h e  e f f e c t  o f  f r e q u e n c y  
o f  e x e r c i s e  on H a r v a r d  S te p  T e s t  s c o r e s  was 4 .3 * *  w h ic h  was s i g n i f i c a n t  
a t  t h e  5 p e r  c e n t  l e v e l  o f  c o n f i d e n c e .  T h i s  i n d i c a t e s  t h a t  t h e r e  is  
a r e a l  d i f f e r e n c e  i n  g a i n s  a c h i e v e d  by g ro u p s  p e r f o r m i n g  a t  d i f f e r e n t  
f r e q u e n c i e s  p e r  w e e k .
T h i s  r e l a t i o n s h i p  can be f u r t h e r  e x p l a i n e d  by T a b l e  V I I ,  page 5 2 ,  
w h ic h  i l l u s t r a t e s  t h e  l i n e a r  and n o n - l i n e a r  r e l a t i o n s h i p s  o f  f r e q u e n c i e s
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o f  e x e r c i s e  on H a rv a r d  S te p  T e s t  s c o r e s .  The l i n e a r  r e l a t i o n s h i p  
produced an F - r a t i o  o f  8 . 6 4  which was s i g n i f i c a n t  a t  the  i per  c e n t  
l e v e l  o f  c o n f i d e n c e .  I t  may be c o n c lu d e d  t h a t ,  as measured in t h i s  
s t u d y ,  an i n c r e a s e  in  f re q u e n c y  o f  p e r fo rm an ce  o f  e x e r c i s e  r e s u l t e d  in 
an in c r e a s e  in  the g a i n  in  H a rv a rd  S te p  T e s t  s c o r e s .
The E f f e c t  o f  Types o f  T r a i n i n g  Programs Upon G a in  in  H a rv a rd  S tep  
T e s t  S c o r e s .
As shown in  T a b le  l i t  (page -+3), an F - r a t i o  o f  le s s  than one 
was produced between these  two v a r i a b l e s .  T h is  r a t i o  was n o t  s t a t i s t i c a l ­
l y  s i g n i f i c a n t .  I t  can t h e r e f o r e  be s t a t e d  t h a t  the  v a r i a b i l i t y  o f  
g a in s  in  H a rv a rd  S tep  T e s t  scores  was not  the  r e s u l t  o f  d i f f e r e n t  
t r a i n i n g  program s.
The E f f e c t  o f  I n i t i a l  C o n d i t i o n  on G a in  in  H a rv a r d  S tep  T e s t  S c o r e s .
The F - r a t i o ,  as shown in  T a b le  I I I ,  f o r  the i n t e r a c t i o n  o f  
i n i t i a l  c o n d i t i o n  was 6 1 . 9 5 .  T h is  r a t i o  was s i g n i f i c a n t  a t  the  1 per  
c e n t  l e v e l  o f  c o n f i d e n c e .  I t  may t h e r e f o r e  be conc luded  t h a t  those in  
i n i t i a l l y  poor c o n d i t i o n  g a in e d  more than those persons who were in 
above a v e ra g e  c o n d i t i o n  a t  the  b e g in n in g  o f  the  program .  I t  is  
i n t e r e s t i n g  t o  n o te  t h a t ,  as i l l u s t r a t e d  in  Ta b le s  IV and V (pages  
47  and 4 9 ) ,  even though the be low a v e r a g e  groups g a in e d  more,  they  d id  
not  surpass  the  pe r fo rm a n c e  l e v e l  o f  the  above av e ra g e  g ro u p s .
IV .  A COMPARISON OF MEAN GAINS IN HARVARD STEP TEST 
SCORES FOR ISOMETRIC GROUPS
T a b le  IV i l l u s t r a t e s  t h a t  w i t h i n  the  i s o m e t r i c  groups the
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i n d i v i d u a l s  in  i n i t i a l l y  b e lo w  a v e r a g e  c o n d i t i o n  r e a l i z e d  g r e a t e r  g a i n s  
t h a n  th o s e  who w e re  i n i t i a l l y  above a v e r a g e  on th ' j  H a r v a r d  S t e p  T e s t .  
T h i s  t a b l e  a l s o  i n d i c a t e s  th e  s u p e r i o r  r e s u l t s  e x p e r i e n c e d  by th e  
i n c r e a s e  in  f r e q u e n c y  o f  t r a i n i n g  p e r i o d s  f o r  i s o m e t r i c  g r o u p s .  I t  
s h o u ld  be n o t e d  t h a t  t h o s e  in  i n i t i a l l y  po o r  c o n d i t i o n ,  and who 
e x e r c i s e d  o n l y  two o r  t h . e e  days p e r  w eek,  e x p e r i e n c e d  g r e a t e r  g a i n s  
than  th o s e  who w ere  i n i t i a l l y  in  above  a v e r a g e  c o n d i t i o n ,  b u t  e x e r c i s e d  
more f r e q u e n t l y .
TABLE IV
THE I N I T I A L  MEAN, FINAL MEAN AND MEAN GAIN MEASURED IN HARVARD 
STEP TEST SCORE POINTS FOR ISOtCTRIC GROUPS
F r e q u e n c y  
Group o f  E x e r c i s e *
I n i t i a l  C a r d i o v a s c u l a r  
Cond i t  i on
I n i t i a l
Mean
Fi nal  
Mean
Mean
Gai  n
A 5 Above A v e ra g e 8 0 . 7 2 8 5 . 1 8 k . k 6
B 5 Below  A v e r a g e 5 6 . 8 0 73 .6 1 16 .81
C 3 Above A v e r a g e 7 7 . 1 7 8 2 . 8 2 5 . 6 5
D 3 Be low  A v e r a g e 5 5 . 7 7 6 6 . 9 5 1 1 . 1 8
E 2 Above A v e r a g e 7 6 . 2 2 8 0 . 8 k k . 6 2
F 2 Below A v e r a g e 5 8 . 2 7 6 7 . 6 8 S . k \
*Days  p e r  week a c t i v i t y  was p e r f o r m e d .
48
V.  A COMPARISON OF MEAN GAINS IN HARVARD STEP TEST 
SCORES FOR RUNNING GROUPS
The g a in s  r e a l i z e d  by the  runn ing  g roup s ,  as shown in  T a b le  V,  
f o l l o w  b a s i c a l l y  the  same p a t t e r n  as t h a t  r e a l i z e d  by the  i s o m e t r i c  
g r o u p s .  Namely, t h a t  the  be low av e ra g e  groups g a in e d  more than the  
above a v e r a g e  groups d u r in g  t h i s  s t u d y .  The t a b l e  a l s o  i n d i c a t e s  the  
g r e a t e r  g a in s  by groups who e x e r c i s e d  more f r e q u e n t l y .
V i .  AN ANALYSIS OF RELATIONSHIPS BETWEEN FREQUENCY, 
A C TIV ITY  AND CONDITION
Three  c h a r t s  a r e  p r e s e n te d  in  T a b le  VI (page 50 )  which i l l u s ­
t r a t e  the  mean g a in s  o f  th e  v a r i o u s  groups to  f u r t h e r  examine the  
e f f e c t s  o f  c e r t a i n  v a r i a b l e s  upon p e r fo r m a n c e .
A Comparison o f  the E f f e c t s  o f  A c t i v i t i e s  and F re q u e n c ie s  o f  Perform ance  
o f  H a rv a rd  S te p  T e s t  S c o r e s .
C h a r t  I in  T a b le  VI shows t h a t  the runn ing  group e x p e r ie n c e d  a 
s l i g h t l y  l a r g e r  mean g a i n  in  the  H a rv a r d  Step  T e s t  than the i s o m e t r i c  
g r o u p .  However ,  as shown p r e v i o u s l y  in  T a b le  I I I  (page 4 3 ) ,  t h i s  g a in  
was not  s i g n i f i c a n t l y  l a r g e r .  I t  can a l s o  be seen t h a t  r e g a r d l e s s  o f  
the  t r a i n i n g  program,  the g r e a t e r  the f re q u e n c y  o f  e x e r c i s e  the  g r e a t e r  
t h e  g a i n .
A Comparison o f  the  V a r i a b l e s  o f  A c t i v i t y  and I n i t i a l  C o n d i t i o n .
As shown in  C h a r t  I I  o f  T a b l e  V I ,  the  be low  a v e r a g e  group  
e x p e r ie n c e d  g r e a t e r  g a in s  than those  groups who were i n i t i a l l y  in  
b e t t e r  c o n d i t i o n .
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TABLE V
THE I N I T I A L  MEAN, FINAL MEAN AND MEAN GAIN MEASURED IN 
HARVARD STEP TEST SCORES FOR RUNNING GROUPS
Group
F req u en cy  
o f  E x e r c i s e *
I n i t i a l
C a rd  i o v a s c u 1a r  
Cond i t  i on
I n i  t  i a l  
Mean
F i n a l
Mean
Mean
Ga i n
G 5 Above A v e r a g e 81 . 6 9 8 7 . 1 6 5 . 4 7
H 5 Below A v e r a g e 6 4 .1  2 7 9 - 6 4 1 5 . 5 2
1 3 Above A v e r a g e 7 8 . 5 9 8 5 . 8 9 7 . 3 0
J 3 Be 1ow A v e r a g e 6 0 .7 1 7 2 . 9 3 1 2 . 2 2
K 2 Above A v e r a g e 7 8 . 9 5 8 3 . 8 0 4 . 8 5
L 2 Below A v e ra g e 5 4 . 7 9 6 5 . 3 4 1 0 . 5 5
''•Days p e r  week a c t i v i t y  was p e r f o r m e d .
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TABLE V I
ANALYSIS OF THE INFLUENCE OF THE RELATIONSHIPS BE7VEEN FREQUENCY, 
ACTIVITY AND IN I T IA L  CONDITION ON GAIN IN 
HARVARD STEP TEST SCORES
C h a r t  I 
ACTIV ITY  BY FREQUENCY
Ac t  i v i ty
Frequency  
o f  E x e r c i s e
1 sometr  ic  
Gai ns
Runni ng 
Gai ns
Average  
Ga i n
5 1 0 . 7 10 .5 1 0 . 6
3 8 . 5 9 . 8 9.1
2 6 . 9 7 . 7 7 . 3
A v e ra g e  Gains __ 8 , 2 9 .3
C h a r t  11 
ACTIVITY BY CONDITION
I n i t i a l
Card  i o v a s c u 1a r  
Condi t i  on A c t i  v i t y
1sometr  i c 
''.ai ns
Runni ng 
Gains
Average  
Ga i n
Above A v erage 4 . 9 5 . 8 5 . 4
Bet ow A v erage 1 2 .5 1 2 .3 1 2 . 4
A v erag e  Gains *
00 9 .1
C h a r t  111 
FREQUENCY BY CONDITION
I n i t i a l  C a r d i o v a s c u l a r  
Condi t i  on_______________________
Frequency Above A v eraqe Below A veraqe Average
5 5.1 1 6 .2 1 0 .7
3 6 . 4 11 .2 8 . 8
2 4 . 7 1 0 . 0 7 . 4
A v erag e  Gains
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A Com par ison  o f  th e  V a r i a b l e s  o f  F re q u e n c y  o f  E x e r c i s e  and I n i t i a l  
Condi t i o n .
C h a r t  I I I  o f  T a b l e  V I  shows t h a t  f r e q u e n c y  o f  e x e r c i s e  has a 
d e f i n i t e  e f f e c t  upon th e  g a i n s  r e a l i z e d  r e g a r d l e s s  o f  th e  i n i t i a l  
c o n d i t i o n  o f  th e  p e r f o r m e r .  A l s o  r e v e a l e d  by t h i s  c h a r t  i s  t h a t  
i n i t i a l  c o n d i t i o n  has a d e f i n i t e  e f f e c t  upon th e  g a i n  r e a l i z e d  by the  
s u b j e c t .  T h i s  e f f e c t  i s  in  f a v o r  o f  the  i n d i v i d u a l  who is  i n i t i a l l y  
i n  b e lo w  a v e r a g e  c a r d i o v a s c u l a r  c o n d i t i o n .
V I I .  ESTABLISHfCNT OF LINEAR AND NON-LINEAR RELATIONSHIPS  
BETWEEN VARIOUS TEST SCORES
T a b l e  V I I  p r e s e n t s  t h e  a n a l y s i s  o f  th e  v a r i o u s  t e s t  s c o r e s  as  
i n f l u e n c e d  by the  f r e q u e n c y  o f  p e r f o r m a n c e .  As shown in  t h i s  t a b l e  
th e  F - r a t i o s  p ro d u c e d  in  th e  H a r v a r d  S te p  T e s t  and a l l  o f  t h e  s t r e n g t h  
t e s t s  w ere  s i g n i f i c a n t  a t  t h e  1 p e r  c e n t  l e v e l  in  f a v o r  o f  t h e  l i n e a r  
r e l a t i o n s h i p .  We can t h e r e f o r e  c o n c lu d e  t h a t ,  as measured  i n  t h i s  
s t u d y ,  an i n c r e a s e  in  f r e q u e n c y  o f  e x e r c i s e  r e s u l t s  in  a c o r r e s p o n d i n g  
i n c r e a s e  in  g a i n  as measured  by th e s e  t e s t s .  The F - r a t i o  p ro d u c e d  by 
th e  r u n n in g  t e s t  s c o re s  was s i g n i f i c a n t  a t  th e  5 p e r  c e n t  l e v e l .  T h i s  
F - r a t i o  a l s o  i n d i c a t e s  t h a t  an i n c r e a s e  in  f r e q u e n c y  o f  e x e r c i s e  
p ro d u ces  g r e a t e r  g a i n s .
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TABLE V I I
LINEAR AND QUADRATIC RELATIONSHIPS IN VARIOUS TEST SCORES
T e s t
Li near
R e l a t  ionsh i p
Q u a d r a t  i c 
R e l a t i o n s h i p f P
H a rv a rd  Step  T e s t  *+38.244 .972 8 . 6 4 .01
Running 3 9 7 6 .2 3 5 . 2 6 3 . 4 7 .05
Bench Press 2 6 9 3 7 . 8 20*+! .0 4 2 . 9 6 .01
Leg Curl 2 0 0 9 7 . 0 1 9 . 2 6  1 12 .2 .01
Leg E x te n s io n 26791 .0 1 9 4 . 4 5 . 8 7 .01
CHAPTER V
SUMMARY AND FINDINGS  
I .  SUMMARY
I t  was t h e  p u rp o s e  o f  t h i s  s tu d y  t o  d e t e r m i n e  t h e  e f f e c t  
o f  i n i t i a l  c a r d i o v a s c u l a r  c o n d i t i o n ,  t y p e  o f  c o n d i t i o n i n g  p r o g r a m ,  
and f r e q u e n c y  o f  t r a i n i n g  upon t h e  g a i n  in  H a r v a r d  S te p  T e s t  
s c o r e s  o f  c o l l e g e  men. An e f f o r t  was a l s o  made t o  d e t e r m i n e  t h e  
e f f e c t  o f  t h e  v a r i o u s  t r a i n i n g  program s upon p r o f i c i e n c y  in  t h e  
a c t i v i t y  engaged in d u r i n g  t h e  s t u d y .
The  s u b j e c t s  f o r  t h i s  s t u d y  w e r e  two hundred  and f o r t y  
c o l l e g e  men f rom t h e  b a s i c  p h y s i c a l  e d u c a t i o n  c l a s s e s  a t  L o u i s i a n a  
S t a t e  U n i v e r s i t y ,  B a to n  Rouge,  L o u i s i a n a .  A l l  s u b j e c t s  w e r e  
rando m ly  s e l e c t e d .  Two b a s i c  groups  w e r e  f o r m e d ,  o n e  d o i n g  i s o m e t r i c  
e x e r c i s e s  and t h e  o t h e r  engaged in  r u n n i n g  a c t i v i t i e s .
The s u b j e c t s  w e r e  g i v e n  a b a t t e r y  o f  t e s t s  a t  t h e  b e g i n n i n g  
and t h e  end o f  a s e v e n -w e e k  e x p e r i m e n t a l  p e r i o d .  A l l  s u b j e c t s  w e r e  
g i v e n  t h e  H a r v a r d  S t e p  T e s t  t o  m easure  c a r d i o - r e s p i r a t o r y  c o n d i t i o n .  
Tho se  s u b j e c t s  p a r t i c i p a t i n g  in  i s o m e t r i c  e x e r c i s e s  w e r e  a d m i n i s t e r e d  
t h r e e  s t r e n g t h  t e s t s  c o n s i s t i n g  o f  t h e  bench p r e s s ,  l e g  e x t e n s i o n  and 
l e g  c u r l .  The  s t u d e n t s  p a r t i c i p a t i n g  in  t h e  r u n n i n g  program  w e r e  
g i v e n  a r u n n i n g  t e s t  o f  s i x t y  seconds d u r a t i o n .  F o l l o w i n g  t h e  i n i t i a l  
a d m i n i s t r a t i o n  o f  t h e  H a r v a r d  S t e p  T e s t  s t u d e n t s  w e r e  d i v i d e d  i n t o  
above and b e low  a v e r a g e  groups  in  r e f e r e n c e  t o  t h e  m ed ian  s c o r e .
53
5*+
Twelve  e x p e r im e n t a l  groups o f  twen ty  s u b j e c t s  each were e s t a b l i s h e d  
a c c o r d in g  t o  the  t h r e e  v a r i a b l e s  c o n s i d e r e d .  These groups were as 
f  ol  1 ows:
Group I n i t i a l  Frequency
L e t t e r  A c t i v i  ty____________ C o n d i t i o n  o f  T r a i n i n g _____________
A 1sometr  i c Above A verage 5 days per week
B 1s o m e t r ic Below A verage 5 days per week
C 1sometr  i c Above A verage 3 days per week
D 1sometr  i c Below A verage 3 days per week
r 1sometr  i c Above Average 2 days per week
F 1sometr  i c Below A verage 2 days per week
G Runn i ng Above A verage 5 days per week
H Runn i ng Below A verage 5 days per week
1 Runn i ng Above A verage 3 days per week
J Runn i ng Be 1ow Average 3 days per week
K Runn i ng Above A verage 2 days per week
L Runn i ng Below Average 2 days per week
S tu d e n ts  p a r t i c i p a t i n g  in  the i s o m e t r i c  t r a i n i n g  program o f  
the  s tudy  p a r t i c i p a t e d  in g o l f  w h i l e  those in  the  runn ing  program  
were e n r o l l e d  in  t e n n i s  c l a s s e s .  W i t h  the  e x c e p t i o n  o f  the  t r a i n i n g  
programs p er fo rm ed  by the  e x p e r im e n t a l  g roup s ,  no o t h e r  e x e r c i s e s  or  
body b u i l d i n g  programs w ere  engaged in by any groups d u r in g  the sev en -  
week p e r i o d  o f  t h i s  s t u d y .
The r e s u l t s  o f  t h e  i n i t i a l  and f i n a l  t e s t s  w ere  used t o  d e t e r m i n e  
g a i n  in  H a r v a r d  S t e p  T e s t  s c o r e s .  The mean g a i n s  f o r  t h e  e x p e r i m e n t a l  
g ro u p s  w ere  computed and a n a l y z e d  by a t h r e e  f a c t o r  a n a l y s i s  o f  v a r i a n c e .  
The r e s u l t s  o f  t h e  i n v e s t i g a t i o n  w e re :
1 .  The i s o m e t r i c  c o n t r a c t i o n  e x e r c i s e  p ro g ram  c o n t r i b u t e d
s i g n i f i c a n t l y  t o  th e  s t r e n g t h  d e v e lo p m e n t  o f  th e  
p a r t  i c i p a n t s  .
2 .  The o n e - m i n u t e  r u n n in g  p ro g ram  o f  e x e r c i s e  c o n t r i b u t e d
s i g n i f i c a n t l y  t o  th e  r u n n in g  p e r f o r m a n c e  o f  i t s  p a r t i c i p a n t s .
3 .  T h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  b e tw een  th e  mean g a i n  o f
H a r v a r d  S t e p  T e s t  s c o r e s  o f  th o s e  in  i n i t i a l l y  above  o r
b e lo w  a v e r a g e  c o n d i t i o n ,  in  f a v o r  o f  th e  b e lo w  a v e r a g e
g r o u p s .
k .  T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  be tw een  th e  mean g a i n s  o f
H a r v a r d  S t e p  T e s t  s c o re s  o f  th o s e  in  th e  i s o m e t r i c  and
th o s e  in  th e  r u n n in g  t r a i n i n g  p r o g r a m s .
5 .  T h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  be tw een  t h e  g a i n s  o f  t h e
two, t h r e e  and f i v e - d a y - p e i —week t r a i n i n g  g roup s  in  f a v o r  
o f  t h e  g r e a t e r  f r e q u e n c i e s .  T h i s  r e l a t i o n s h i p  was l i n e a r  
i n  a l l  c a s e s .
6 .  Those who w e re  in  i n i t i a l l y  b e lo w  a v e r a g e  c a r d i o v a s c u l a r
c o n d i t i o n  e x e r c i s i n g  two days p e r  w eek  g a i n e d  more th a n  
i n d i v i d u a l s  in  i n i t i a l l y  above a v e r a g e  c o n d i t i o n  
e x e r c i s i n g  t h r e e  and f ' v e  days p e r  w e e k .
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I 1.  FINDINGS
The roost im p o r ta n t  f i n d i n g s  in t h i s  s tudy  w e r e :
1. As measured in t h i s  s t u d y ,  t h e r e  was no s i g n i f i c a n t
d i f f e r e n c e  in t h e  e f f e c t i v e n e s s  o f  an i s o m e t r i c  c o n t r a c ­
t i o n  e x e r c i s e  program and a runn ing  program o f  t r a i n i n g  
in d e v e lo p in g  c a r d i o v a s c u l a r  c o n d i t i o n .
2 .  i n d i v i d u a l s  in be low a v e r a g e  c a r d i o v a s c u l a r  c o n d i t i o n
tended t o  g a in  more than  th o s e  in above av e ra g e  c o n d i t i o n ,  
but  d u r i n g  t h e  p e r i o d  o f  s tudy  t h e  be low a v e r a g e  group  
d i d  n o t  o b t a i n  t h e  p h y s ic a l  c o n d i t i o n  o f  t h e  above  
a v e r a g e  g roup .
3 .  Improvement in c a r d i o v a s c u l a r  c o n d i t i o n ,  as measured in t h i s
s t u d y ,  in c r e a s e d  as t h e  f re q u e n c y  o f  p r a c t i c e  p e r io d s  
i n c r e a s e d .
*♦. S t r e n g t h  and ru n n in g  per fo rm an ce  w e re  d i r e c t l y  r e l a t e d  to  
f re q u e n c y  o f  p r a c t i c e  p e r io d s  w i t h i n  t h e  l i m i t a t i o n s  o f  
t h i s  s t u d y .
I I I .  SUGGESTIONS FOR FURTHER STUDY
1. A s i m i l a r  s tu d y  t h a t  u t i l i z e s  d i f f e r e n t  f r e q u e n c i e s  o f  p e r ­
formance would  g i v e  new i n s i g h t s  i n t o  t h e  development  o f  
c a r d i o v a s c u l a r  c o n d i t i o n .
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2 .  A s tu d y  w h ic h  w ou ld  i n v e s t i g a t e  the  e f f e c t s  o f  e x e r c i s e  o f
d i f f e r e n t  d u r a t i o n  w i t h i n  each  p r a c t i c e  s e s s i o n  w ou ld  
s u p p le m e n t  th e  f i n d i n g s  o f  t h i s  s t u d y .
3 .  F u r t h e r  s tu d y  o f  v a r i o u s  ty p e s  o f  m u s c u la r  s t r e s s  and t h e i r
e f f e c t s  upon c a r d i o v a s c u l a r  c o n d i t i o n  w o u ld  le n d  i n s i g h t  
i n t o  th e  d e v e lo p m e n t  o f  c a r d i o v a s c u l a r  c o n d i t i o n .
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APPENDIX A
IN IT IA L MEASUREMENT, FINAL MEASUREMENT AND GAIN IN HARVARD 
SCORES FOR THE ABOVE AVERAGE GROUP WHICH PERFORMED 
ISOMETRIC EXERCISES FIVE DAYS PER WEEK
GROUP A
STEP TEST
S tu d e n t I n i t i a l  T e s t F in a l  T e s t Ga i n
1 8 4 . 3 8 5 . 7 1 .4
2 78.1 8 8 . 8 10 . 7
3 81 .1 8 3 . 7 2 . 6
k 76.1 7 9 . 8 3 . 7
5 7 8 . 9 81 .1 2 . 2
6 7 6 .5 7 6 . 9 .4
7 8 0 . 6 8 4 . 7 4.1
8 1 0 3 .4 111 .1 7 . 7
9 7 7 .3 81 .5 4 . 2
1 0 7 4 .6 7 7 -3 2 . 7
1 1 7 9 . 4 8 8 . 8 9 . 4
1 2 9 2 . 0 9 6 . 8 4 . 8
13 7 6 . 9 78.1 1 .2
14 8 5 . 2 91 .5 6 . 3
15 8 4 . 7 8 6 . 7 2 . 0
16 7 3 .5 7 7 .3 3 . 8
17 7 5 . 8 8 2 . 0 6 . 2
18 7 4 . 6 7 9 . 8 5 . 2
1 9 8 3 . 3 9 0 . 9 7 . 6
20 78.1 81 .1 3 . 0
Means 8 0 . 7 2 8 5 . 1 8 4 . 4 6
12
3
4
5
6
7
8
9
I 0
1 1
1 2
13
14
15
16
1 7
18
1 9
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APPENDIX B
MEASUREMENT, FINAL MEASUREMENT AND GAIN IN HARVARD STEP TEST
SCORES FOR THE BELOW AVERAGE GROUP WHICH PERFORMED
ISOMETRIC EXERCISES FIVE DAYS PER WEEK
GROUP B
I n i t i a l  T e s t  F i n a l  T e s t  G a in
4 8 .1 6 9 . 4 21 .3
5 5 . 0 7 7 . 3 2 2 . 3
6 9 . 4 76 .1 6 . 7
71 J 76 .1 5 . 0
6 8 . 5 6 9 . 8 1 .3
7 0 . 4 81 .5 1 1 .1
70.1 71 . 8 1 . 7
61 . 9 6 5 . 5 3 . 6
7 0 . 8 7 8 . 9 8 . 1
4 0 . 6 5 0 . 8 1 0 . 2
3 4 . 3 4 8 . 6 1 4 . 3
3 2 . 5 6 7 .1 3 4 . 6
4 2 .1 8 0 . 6 3 8 . 5
51 . 9 7 6 . 5 2 4 . 6
71 . 3 7 2 . 5 .7
7 0 . 7 81 .1 1 0 . 4
7 0 . 8 9 6 . 2 2 5 . 4
72 .1 8 2 . 0 9 . 9
2 7 . 6 7 9 . 8 5 2 . 2
3 6 . 4 7 0 - 7 3 4 . 3
56.80 73.61 16.81
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APPENDIX C
IN IT IA L  MEASUREMENT, FINAL MEASUREMENT AND GAIN IN HARVARD STEP TEST
SCORES FOR THE ABOVE AVERAGE GROUP WHICH PERFORMED
ISOMETRIC EXERCISES THREE DAYS FfR WEEK
GROUP C
S t u d e n t In i  t i  a l  T e s t F in a l  T e s t Gai n
1 81 .1 8 3 . 3 2 . 2
2 76.1 79.*+ 3 . 3
3 8 6 . 7 9 0 . 4 3 . 7
4 7 5 .0 8 0 . 6 5 . 6
5 7 5 . 8 7 6 . 9 1 .1
6 7 2 . 5 7 8 .5 6 . 0
7 7 3 . 9 81 .5 7 . 6
8 7 6 .5 8 4 . 7 8 . 2
9 7 5 . 4 8 4 . 7 9 .3
1 0 76.1 7 9 . 8 3 . 7
I 1 7 7 . 7 8 5 . 7 8 . 0
1 2 8 0 . 6 8 4 . 3 3 . 7
13 7*+.3 7 4 . 3 0
14 8 4 . 3 8 5 . 2 . 9
15 7*+.3 9 5 .5 21 .2
16 76.1 7 8 .5 2 . 4
17 7 4 .3 81 .5 7 . 2
18 7 4 . 6 7 5 . 8 1 .2
1 9 81 . 9 8 3 . 8 1 . 9
20 Z M 9 2 . 0 16 . 2
Means_______________________ 7 7 .1 7_________________8 2 .8 2 __________________ 5 .6 5
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APPENDIX D
IN IT IA L  MEASUREMENT, FINAL MEASUREMENT AND GAIN IN HARVARD STEP TEST
SCORES FOR THE BELOW AVERAGE GROUP WHICH PERFORMED
ISOMETRIC EXERCISES THREE DAYS PER WEEK
GROUP D
S t u d e n t I n i  t i  a l  T e s t F i n a l  T e s t G a in
1 6 6 . 9 7 4 . 6 7 . 7
2 7 0 . 4 8 3 . 7 1 3 . 3
3 5 6 . 9 7 5 . 3 1 8 . 4
4 7 0 . 8 7 6 . 9 6 . 1
5 3 4 . 6 3 6 . 7 2.1
6 3 3 . 8 5 5 . 3 21 .5
7 6 6 . 1 7 5 . 4 9 . 3
8 6 5 . 2 6 7 . 0 1 . 8
9 3 9 . 9 4 4 . 6 4 . 7
10 61 .2 70 .1 8 . 9
1 1 5 0 . 5 71 J 2 0 . 6
1 2 30 .1 5 8 . 7 2 8 . 6
1 3 71 .1 7 2 . 5 1 . 4
14 * 00 6 9 . 4 1 7 . 6
15 61 . 4 8 3 . 3 21 . 9
16 6 8 . 2 7 5 . 0 6 . 8
17 6 4 . 4 7 4 . 2 9 . 8
18 7 0 . 8 7 8 . 5 7 . 7
1 9 1 9 . 9 22 . 1 2 . 2
20 61 .5 7 4 . 6 13.1
Means________________________5 5 .7 7 _________________ 6 6 .9 5 __________________1 1 . 1 8
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APPENDIX E
IN IT IA L  MEASUREMENT, FINAL MEASUREMENT AND GAIN IN HARVARD STEP TEST
SCORES FOR THE ABOVE AVERAGE GROUP WHICH PERFORMED
ISOMETRIC EXERCISES TWO DAYS PER WEEK
GROUP E
S t u d e n t I n i t i a l  T e s t F i n a l  T e s t Ga i n
1 8 0 . 2 91 .5 1 1 .3
2 7 7 . 3 81 .5 4 . 2
3 7 7 .3 81 .1 3 . 8
4 7 2 .5 81 .5 9 . 0
5 7 8 . 5 8 0 . 2 1 .7
6 7 4 . 6 7 6 .5 1 . 9
7 7 4 . 6 7 6 . 9 2 . 3
8 7 8 . 9 8 3 .3 4 . 4
9 81 .5 8 4 . 7 3 . 2
1 0 7 8 .5 7 8 .5 0
1 1 78.1 8 0 . 2 2.1
1 2 72.1 7 5 . 9 3 . 8
13 7 8 . 9 81 .5 2 . 6
14 7 5 . 4 8 2 . 4 7 . 0
15 7 3 . 2 78.1 4 . 9
16 7 5 . 0 8 7 . 0 7 . 0
17 7 5 .7 7 6 . 9 1 .2
18 81 .0 8 2 . 0 1 .0
19 7 0 . 8 7 7 .3 6 . 5
20 7 0 . 4 7 9 , 8 9 . 4
Means_______________________ 7 6 .2 2_________________ 8 0 .8 4 __________________4 .6 2
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APPENDIX F
IN IT IA L  MEASUREMENT, FINAL MEASUREMENT AND GAIN IN HARVARD STEP TEST
SCORES FOR THE BELOW AVERAGE GROUP WHICH PERFORtCD
ISOMETRIC EXERCISES TWO DAYS PER WEEK
GROUP F
S t u d e n t I n i t i a l  T e s t F i n a l  T e s t G a in
1 5 5 . 9 6 2 . 5 6 . 6
2 66 . 1 7 8 . 5 1 2 . 4
3 6 8 . 8 70.1 1 .3
4 4 5 . 2 6 4 . 8 1 9 . 6
5 3 9 . 9 5 9 . 2 1 9 . 3
6 6 4 . 4 81 .1 1 6 . 7
7 4 4 .1 4 8 . 4 4 . 3
8 6 9 . 6 8 3 . 8 1 4 . 2
9 6 6 . 4 7 2 . 2 5 . 8
1 0 8 7 . 7 8 8 . 8 1 .1
1 I 3 8 . 7 4 5 . 5 6 . 8
1 2 72 .1 8 2 . 0 9 . 9
13 3 2 . 8 5 9 . 4 2 6 . 6
14 6 5 . 2 70 .1 4 . 9
15 7 2 .1 7 5 . 8 3 . 7
16 71 . 4 72 .1 . 7
17 6 7 , 6 7 8 . 5 1 0 , 9
18 4 9 . 5 5 6 . 8 7 . 3
1 9 3 7 . 9 5 2 . 9 1 5 . 0
20 5 0 . 0 51 .1 1 .1
Means______________________58.27________________67 .68_________________ 9.41
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APPENDIX G
IN IT IA L  MEASUREMENT, FINAL fCASURENENT AND GAIN IN HARVARD STEP TEST
SCORES FOR THE ABOVE AVERAGE GROUP WHICH PERFORMED
RUNNING EXERCISES FIVE DAYS PER WEEK
GROUP G
S t u d e n t I n i t i a l  T e s t F i n a l  T e s t Ga i n
1 8 6 . 7 9 0 . 4 3 . 7
2 7 8 . 9 81 .1 2 . 2
3 8 4 .3 8 9 . 3 5 . 0
4 7 7 . 7 81 .5 3 . 8
5 7 3 . 9 7 3 . 9 0
6 7 6 . 9 7 7 . 7 . 8
7 7 9 . 8 8 8 . 2 8 . 4
8 76.1 8 6 . 7 10 . 6
9 8 4 . 7 9 3 .2 8 . 5
1 0 8 7 . 7 8 8 . 2 .5
1 1 7 6 . 9 8 7 . 7 1 0 . 8
1 2 7 3 .5 8 2 . 4 8 . 9
13 9 3 . 8 9 6 . 8 3 . 0
14 7 9 . 8 8 8 . 7 8 . 7
15 7 6 .5 8 0 . 6 4 .1
16 1 1 7 .2 1 25 . 0 7 . 8
17 7 3 . 5 8 6 . 7 13 .2
18 7 3 . 9 8 2 . 4 8 . 5
1 9 81 . 9 8 6 . 2 ^ . 3
20 8 0 . 2 7 6 .5 1.7
Means_______________________ 31 .69________________ 8? . 16__________________5 Ml
71
APPENDIX H
IN IT IA L  MEASUREMENT, FINAL MEASUREMENT AND GAIN IN HARVARD STEP TEST
SCORES FOR THE BELOW AVERAGE GROUP WHICH PERFORMED
RUNNING EXERCISES FIVE DAYS PER WEEK
GROUP H
S t u d e n t I n i  t i a l  T e s t F i n a l  T e s t Gai  n
1 57.1+ 7 6 . 8 1 9 . 4
2 71 .1+ 8 2 . 7 1 1 .3
3 6 9 . 8 31 . 2 1 1 . 4
it 7 2 . 8 8 4 . 7 11 . 9
5 71 .5 9 0 . 3 1 8 . 8
6 1+6.7 7 0 . 6 2 3 . 9
7 70.1 81 . 3 11 . 2
8 72 .1 88 .1 1 6 . 0
9 6 5 . 2 7 6 . 4 1 1 . 2
1 0 6 9 .1 8 4 . 7 1 5 . 6
1 1 7 3 . 2 85 .1 1 I . 9
1 2 1+7.1 7 8 . 4 31 .3
13 6 7 . 3 83 .1 1 5 . 8
11+ 71 . 4 8 4 . 3 1 2 . 9
15 7 0 . 8 8 3 . 5 1 2 . 7
16 6 7 . 6 8 5 . 9 1 8 . 3
17 5 2 . 9 5 9 . 2 6 . 3
18 6 9 . 2 7 7 . 7 8 . 5
1 9 5 0 . 6 7 9 . 8 2 9 . 2
20 1+6 . 2 5 9 . 0 1 2 . 8
Means 64.12 7 9 .* * 1 5 .52
72
APPENDIX I
IN IT IA L  MEASUREMENT, FINAL MEASUREMENT AND GAIN IN HARVARD STEP TEST
SCORES FOR THE ABOVE AVERAGE GROUP WHICH PERFORMED
RUNNING EXERCISES THREE DAYS PER WEEK
GROUP I
S tuden t I n i t i a l  T es t F i n a l  T e s t Gai n
1 7 3 . 5 91 .2 1 7 .7
2 7 3 . 9 7 8 . 9 5 . 0
3 9 0 .4 9 3 -2 2 . 8
4 7 8 .5 8 6 . 2 7 . 7
5 78.1 8 4 . 7 6 . 6
6 7 6 . 9 8 0 . 6 3 . 7
7 7 3 .5 8 4 . 3 1 0 . 8
8 7 6 .5 8 2 . 8 6 . 3
9 7 9 . 4 8 6 . 7 7 . 3
1 0 7 6 .5 81 .5 5 . 0
11 8 8 . 8 9 4 .3 5 . 5
12 7 8 .5 8 2 . 9 4 . 4
13 7 2 . 8 7 5 . 8 3 . 0
14 8 2 . 4 8 3 . 3 . 9
15 7 7 . 7 8 6 . 7 9 . 0
16 8 3 . 8 9 8 . 6 1 4 .8
1 7 7 6 .5 9 2 .0 15 .5
18 7 9 . 8 8 6 . 7 6 . 9
19 81 .5 93.1 I 1 .6
20 7 2 . 8 7^*3 1 .5
Means 78-59 85.89
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APPENDIX J
IN IT IA L  MEASUREMENT, FINAL MEASUREMENT AND GAIN IN HARVARD STEP TEST
SCORES FOR THE BELOW AVERAGE GROUP WHICH PERFORMED
RUNNING EXERCISES THREE DAYS PER WEEK
GROUP J
S t u d e n t I n i  t i a l  T e s t F i n a l  T e s t G a in
1 5 2 . 8 7 8 . 9 26 . 1
2 72 .1 8 5 . 2 13.1
3 6 8 . 5 71 A 2 . 9
4 7 0 . 8 7 6 . 5 5 . 7
5 6 7 . 0 6 9 . 0 2 . 0
6 6 8 . 2 7 5 . 0 6 . 8
7 71 . 4 7 6 . 9 5 . 5
8 72.1 9 2 . 0 1 9 . 9
9 4 5 . 9 5 2 . 6 6 . 7
1 0 6 6 . 4 6 7 . 9 1 .5
1 1 57 .1 7 6 . 9 1 9 . 8
1 2 2 4 . 6 61 .1 3 6 . 5
1 3 41 . 8 6 7 . 6 2 5 . 8
14 5 0 . 2 7 5 . 0 2 4 . 8
15 7 0 . 4 8 2 . 9 1 2 .5
16 6 9 . ^ 6 9 . 8 . 4
17 6 4 . 9 7 6 . 9 1 2 . 0
18 4 6 . 9 6 2 . 2 1 5 . 3
1 9 6 8 . 5 6 9 . 8 1 .3
20 6 5 . 2 71 J 5 . 9
Means______________________60.71________________ 72 . 93________________ 12.22
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APPENDIX K
IN IT IA L  MEASUREMENT, FINAL fCASUREHENT AND GAIN IN HARVARD STEP TEST
SCORES FOR THE ABOVE AVERAGE GROUP WHICH PERFORMED
RUNNING EXERCISES TWO DAYS PER WEEK
GROUP K
S t u d e n t I n i t i a l  Tes t F i n a l  T e s t Gai n
1 7 4 . 2 7 5 . 0 . 8
2 7 3 .2 8 0 . 2 7 . 0
3 8 6 . 7 8 8 . 2 1 .5
4 8 5 . 7 8 6 . 7 1 .0
5 8 8 . 2 9 2 . 6 4 . 4
6 7 6 . 5 8 0 . 5 4 . 0
7 7 5 . 4 77 .3 1 . 9
8 9 0 . 9 9 8 .7 7 . 8
9 7 6 . 9 8 7 . 7 1 0 . 8
1 0 7 7 .7 8 4 . 7 7 . 0
1 1 7 4 . 6 76.1 1 .5
1 2 78.1 8 4 . 7 6 . 6
13 7 4 . 2 7 9 . 4 5 . 2
14 8 0 . 2 8 3 . 3 3.1
15 7 5 . 8 7 8 . 9 3.1
16 7 9 . 4 8 0 . 6 1 .2
17 8 9 . 3 9 2 . 6 3 . 3
18 70.1 7 4 . 6 4 . 5
19 7 5 . 8 8 3 . 3 7 .5
20 76.1 ......... 9 0 . 9 1 4 . 8
Means_______________________ 78 . 95________________ 8 3 .8 0 __________________4 .8 5
APPENDIX L
I N I T I A L MEASUREMENT, FINAL MEASUREMEN1 
SCORES FOR THE BELOW AVERAGE 
RUNNING EXERCISES TWO
GROUP L
AND GAIN IN HARVARD 
GROUP WHICH PERFORMED 
DAYS PER WEEK
STEP TEST
S t u d e n t I n i  t i a l  T e s t F i n a l  T e s t Gai n
1 70 .1 7 7 . 3 7 . 2
2 5 6 . 5 78 .1 21 . 6
3 6 8 . 6 76.1 7 . 5
4 5 7 . 9 7 5 . 0 17.1
5 21 . 0 4 5 . 8 2 4 . 8
6 6 3 . 5 7 6 . 5 1 3 . 0
7 3 8 . 2 4 0 . 2 2 . 0
8 4 2 . 0 4 9 . 4 7 . 4
9 5 4 . 2 7 3 . 2 1 9 . 0
1 0 6 9 . 8 7 6 . 5 6 . 7
1 1 5 0 . 3 5 9 . 7 9 . 4
1 2 72 .1 7 9 . 8 7 . 7
13 51 .1 6 6 . 7 1 5 . 6
14 6 9 .1 81 .1 1 2 . 0
15 4 3 . 0 4 7 . 2 4 . 2
16 4 4 . 3 5 9 . 7 1 5 . 4
17 6 3 . 8 6 6 . 9 3 .1
18 3 6 . 3 4 0 . 9 4 . 6
19 6 8 . 2 7 8 . 5 1 0 . 3
20 5 5 . 8 5 8 . 3 2 . 5
Means 5 4 . 7 9 6 5 . 3 4 1 0 . 5 5
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APPEND(X M
COEFFICIENT OF RELIABIL ITY  FOR PULSE COUNT IN ADMINISTRATION
OF THE HARVARD STEP TEST
V a r t a b l e Mean S ta n d a r d  D e v i a t i o n
01 701 51 8 .2 4 7 ^ 7 9 6
02 705 51 8 .7 2 3 5 5 5 3
V a r  i a b l e Var  i a b l e C o e f f i c i e n t  o f  C o r r e l a t i o n
01 02 508 8779 ^7 9
r = . 8 8 7 7 9 ^ 7 9
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APPENDIX N
COMPUTATION OF A STANDARD ERROR OF THE COEFFIC IENT OF R E L IA B IL IT Y  
AND ESTABLISHMENT OF CONFIDENCE INTERVALS
( T r  -  1 -  r 2
N
2
< fr  .  1 -  ( .8 8 7 )
V™24o"
1 *— iZ § 7
1 5 . 4 9
jlI L L
15.4 -9  Computed r . 8 8 7 7 9
<Tr -  . 0 1 3 7 5
68% o f  t h e  t im e  r w ou ld  1 i e  be tw een  L 8 7 4 0 4  -  .90 1 5 4 ^
95% o f  t h e  t im e  r  w o u ld  l i e  be tw een  £86084 -  . 91474}
95% o f  the  t im e  r w ou ld  1 i e  be tw een  £8 5 2 7 1  ~ -9 2 3 2 7 }
tf"r -  S t a n d a r d  E r r o r  o f  R e l i a b i l i t y  
r  *  C o e f f i c i e n t  o f  R e l i a b i l i t y  
N “  Number o f  S t u d e n t s
APPENDIX 0
PEA 10 0 1C MEASUREMENTS OF STRENGTH AS MEASURED BY THE TORQUE TABLE FOR THE ABOVE AVERAGE
GROUP PERFORMING ISOMETRIC EXERCISES FIVE DAYS PER WEEK
GROUP A
Bench Press Leq Curl Leq Extension
I n i ­ I n i ­ I n i ­
Stu­ t i a l 2nd 4 th 6th t i a l  2nd 4th 6th t i a l  2nd 4th 6th
dent Test Week Week Week Gain Test  Week Week Week Gain Test Week Week Week Gain
1 230 245 260 295 65 150 185 200 50 250 270 300 325 75
2 300 315 360 380 80 220 235 270 290 70 400 415 470 515 115
3 310 320 370 395 85 180 195 250 335 155 370 390 405 420 50
250 275 315 325 75 210 215 250 275 65 250 285 300 315 65
5 290 295 320 370 80 190 220 235 245 55 310 320 315 340 30
6 240 265 300 305 65 230 245 270 300 70 290 300 325 365 75
7 270 285 310 345 75 180 190 215 240 60 420 440 425 430 10
8 220 270 280 285 65 160 180 225 225 65 190 200 215 245 55
9 260 265 300 310 50 200 200 220 230 30 360 390 415 450 90
10 210 230 255 270 60 160 155 200 230 70 330 360 400 410 30
11 300 325 345 360 60 220 235 255 285 65 310 340 365 390 80
12 210 220 235 265 55 190 215 230 240 50 270 285 315 380 110
13 320 335 355 375 55 200 210 225 230 30 350 360 390 430 80
14 260 270 295 300 40 150 180 200 205 55 320 345 385 400 80
15 350 375 400 440 90 210 220 245 270 60 440 455 495 510 70
16 240 265 300 300 60 130 160 165 175 45 340 365 400 430 90
17 190 195 225 245 55 220 240 280 295 75 330 355 400 425 95
18 260 280 295 315 55 200 215 225 235 35 240 265 310 315 75
19 240 265 280 310 70 140 155 165 170 30 260 280 310 360 100
20 300 310 ?>? 330 2<|0 JO? 360 J7? 8? 23° 340 J8? <*?? 12?
Sum 5250 5605 6115 6520 1270 3830 4145 w 7 0 1050 1220 6360 6760 7325 79 ' 0 1550
Mean 262 .5 280 .3 JOf.S 328.0 * J .? 191.5 207.3 2JJ-? 252.5 61 .0 318 .0
0COfO 366 .3 J * - ? 77.?
Mean Gain
Over P re -  17 .8  25 .5  20 .2  15 .8  26 .2  19 .0  20 .0  28 .3  29.5
vlous Reading__________________________________________________________________________________
% Gain_________ 7 9 7 24.2____________8 12.6  8 3 1 . 9 __________ 6 . 3  8 . 4  8.1 2 4 .4
APPEND IX  P
PERIODIC MEASUREMENTS OF STRENGTH AS MEASURED BY THE TORQUE TABLE FOR THE BELOW AVERAGE
GROUP PERFORMING ISOMETRIC EXERCISES FIVE  DAYS PER WEEK
GROUP B
Bench Press Leg Curl Leg Extension
In i ­ In i ­ In i ­
Stu­ t ia l 2nd 4th 6 th t ia l 2nd 4th 6 th t ia l 2nd 4th 6 th
dent Test Week Week Week Gain Test Week Week Week Gain Test Week Week Week Gai n
1 210 225 250 275 65 210 225 240 285 75 340 365 405 460 120
2 250 290 315 325 75 210 230 265 280 70 390 420 *+75 510 120
3 290 350 365 390 100 170 185 210 230 60 360 390 425 465 105
4 280 260 285 365 85 190 205 230 250 60 240 270 300 320 80
5 190 220 235 250 60 250 270 300 335 85 330 355 395 440 110
6 370 38C *+15 490 120 220 240 260 290 70 430 470 485 505 75
7 300 315 345 390 90 280 300 375 390 110 410 460 480 500 90
8 260 280 295 340 80 180 200 215 235 55 410 440 475 *+95 85
9 320 340 405 420 100 180 205 220 230 50 330 365 395 445 115
10 260 300 305 335 75 290 315 345 350 60 430 460 *+75 520 90
11 220 240 255 280 60 180 200 205 220 40 280 295 360 380 100
12 350 370 405 460 110 200 220 260 275 75 410 425 455 480 70
13 500 505 520 525 25 200 215 235 260 60 350 355 350 365 15
14 260 280 295 365 105 160 180 205 230 70 310 350 385 435 125
15 290 315 360 395 105 140 170 185 200 60 300 300 305 320 20
16 220 245 265 285 65 180 195 210 240 60 380 385 395 400 20
17 280 295 305 360 80 180 200 215 230 50 390 *+15 *♦55 *+95 105
18 300 315 315 320 20 250 265 300 320 70 310 370 365 375 65
19 330 340 355 370 40 170 185 180 185 15 400 400 405 430 30
20 180 is? 2 ‘ ? 35 120 130 135 15° 30 270 280 28? 300 1 ?°Sum 5660 6050 6485 FIS ? . 1«*95 3 960 4335 W 9 0 51 1225 7070 7570 8070 8640 \570
Naan 32lS3 7 M  198.0 2U .8  239,5 *5 3 .3 S 't? 358.5 378 i 5 W } t ? M 2 .0 7Sf5
Mean Gain
Over Pre­ 19.5 21.8 33.5 28.8 22.7 19.8 20.0 25.0 28.5
vious Reading
% Gal n 7 7 10 26 1 l4 .5 10.5 St? JO.? ?fS 6 ,6 7 .1 21 . ?
APPENDIX Q.
PERIODIC MEASUREMENTS OF STRENGTH AS MEASURED BY THE TORQ.UE TABLE FOR THE ABOVE AVERAGE
GROUP PERFORMING ISOMETRIC EXERCISES THREE DAYS PER WEEK
GROUP C
Bench Press Leq Curl Leq Extension
In i ­ In i ­ In i ­
Stu­ t ia l 2nd 4th 6th t ia l  2nd 4th 6th t ia l  2nd 4th 6th
dent Test Week Week Week Gain Test Week Week Week Gain Test Week Week Week Gain
I 310 335 350 370 60 180 190 205 220 4o 350 375 355 420 70
2 240 265 285 290 50 170 185 200 210 40 370 380 400 445 75
3 240 255 270 285 45 160 180 200 205 45 320 335 365 385 65
4 280 295 315 340 60 260 275 305 330 70 410 470 495 520 110
5 220 230 250 265 45 210 225 245 260 50 320 345 370 400 80
6 350 345 390 420 70 180 200 215 225 45 380 395 415 480 100
7 310 340 375 385 75 230 245 255 270 40 430 460 475 495 65
8 210 215 230 245 35 150 170 185 200 50 300 315 350 360 60
9 250 265 285 290 40 200 210 245 255 55 420 450 475 505 85
10 300 320 345 365 65 150 175 190 205 55 250 270 295 310 60
11 280 300 205 335 55 140 155 165 190 50 260 285 300 305 45
12 270 295 305 315 45 200 210 225 245 45 390 415 450 475 85
13 270 280 300 325 55 180 195 195 220 40 220 260 265 285 65
14 320 340 355 375 55 240 250 265 275 35 420 445 470 505 85
15 180 245 295 320 140 160 180 175 200 40 240 280 295 300 60
16 240 265 270 280 40 240 240 245 250 10 370 385 430 480 110
17 260 280 290 300 40 200 210 205 220 20 380 390 395 415 35
18 180 250 315 415 235 140 165 170 185 45 200 235 250 265 65
19 230 240 245 280 50 210 235 245 255 45 270 270 275 280 10
20 J10 315 35° 380 70 180 200 215 245 *5 250 260 255 2*? 1?
Sum 5250 5675 6125 6580 3780 b0SS 4350 46&5 55? £550 7020 7420
Mean 262.5 283*8 306.3 329*0 66.5 189.0 20e.8 217.5 233.? bb.) 327.5 351.0 371.0 3?4.8 87.3
Mean Gain 
Over Pre- 21.3  
vtous Reading
22.5 22.7 15.8 12.7 15.8 23.5 20.0 23.8
% Gain 8 8 7 2?.? 8 .4 6.2 7.3 23.4 7 5-7 6 .4 20.5
M M  strength measurements are in foo t pounds o f pressure.
APPENDIX R
PERIODIC MEASUREMENTS OF STRENGTH AS MEASURED BY THE TORQUE TABLE FOR THE BELOW AVERAGE
GROUP PERFORMING ISOMETRIC EXERCISES THREE DAYS PER WEEK
GROUP D
Bench Press Leq Curl Leq Extension
In i -  In i -  In l -
S tu - t ie l  2nd 4th  6 th t la l  2nd 4 th  6 th t ie )
dent Te$t Week Week Week Gain Teat Week Week Week Gain Teat
2nd 4th  6 th
Week Week Week Gain
1 $30 2W 275 285 55 160 175 195 200 40 230 2$5 2^0 275 hs
2 300 315 335 365 65 210 215 240 260 50 440 455 485 510 70
3 320 345 360 385 65 190 215 230 240 50 380 390 415 455 75
4 29G 305 340 355 65 190 205 230 230 40 360 395 405 445 85
5 260 285 300 320 60 180 195 215 235 55 260 280 300 305 45
6 210 220 255 270 60 170 200 215 225 55 260 290 305 315 55
7 240 260 275 320 80 190 205 225 240 50 360 400 420 440 80
8 240 255 275 280 40 170 185 200 220 50 310 325 350 375 65
9 220 240 265 275 55 160 175 200 215 55 300 330 350 365 65
10 230 240 245 245 15 170 180 195 215 45 300 330 335 345 45
11 300 315 340 365 65 130 145 155 165 35 300 340 355 365 65
12 240 250 265 295 55 190 200 215 245 55 360 375 400 435 75
13 220 235 250 270 50 140 155 150 160 20 250 265 270 275 25
14 370 375 380 395 25 210 220 225 235 25 350 385 405 430 80
15 200 215 220 245 45 140 155 165 175 35 250 270 2eo 280 30
16 250 275 295 310 60 170 180 195 200 30 260 290 305 320 60
17 250 290 300 315 65 170 185 200 215 45 210 210 215 220 10
18 320 360 375 280 60 200 205 230 250 50 260 275 410 420 60
19 290 300 305 300 10 180 195 215 235 55 340 355 395 435 95
20 240 260 m * 8 55 190 JSL. m 240 . 5P. 260 270 275 280 20
5220 5600
t t t . o  280.0 B
io.
I t t K .
Mean Gain
flh/er Pre- 19,0  
vloua Reading
iOSO 3510
X u S J l i A
16.5
I -------
17.0  
1 -------
14.3 16.2 14.0 2 2., 3 17.5 18.0
8.1 j . s  i A  25 .4 7.3 5,3 , J * . 7% Gain 20
M U  strength measurements are In foot pounds of pressure.
APPENDIX S
PERIODIC MEASUREMENTS OF STRENGTH AS MEASURED BY THE TORQUE TABLE FOR THE ABOVE AVERAGE
GROUP PERFORMING ISOMETRIC EXERCISES TWO DAYS PER WEEK
GROUP E
Bench Press Leq Curl Leq Extension
I n i ­ I n i ­ 1 n l-
Stu­ t i a l 2nd 4th 6 th t ia l  2nd 4th 6 th t ia l  2nd 4th 6 th
dent Test Week Week Week GaIn Tes t  Week Week Week Gain Test Week Week Week Ga i n
1 270 285 295 305 35 180 195 200 205 25 250 285 275 280 30
2 230 240 255 260 30 270 285 300 205 35 460 470 495 505 45
3 330 345 350 370 40 190 200 205 220 30 350 365 390 400 50
4 280 300 315 320 40 190 200 210 215 25 290 300 315 325 35
5 280 295 300 305 25 220 225 245 255 35 360 375 390 405 45
6 290 300 295 300 10 180 200 205 215 35 340 350 360 375 35
7 320 245 350 360 40 260 275 295 300 40 390 395 410 440 50
8 450 480 500 505 55 260 285 300 305 45 440 450 475 495 55
9 250 275 280 280 30 . 210 220 225 240 30 420 455 460 465 45
10 340 365 370 375 35 200 215 220 225 25 320 345 355 355 35
11 380 395 415 435 55 220 235 240 260 40 270 275 280 285 15
12 260 270 285 300 40 250 255 270 285 35 360 370 390 400 40
13 270 280 295 300 30 120 135 135 140 20 280 295 305 315 35
14 300 310 310 315 15 210 220 215 220 10 330 340 355 365 35
15 320 340 350 365 45 180 190 200 210 30 410 425 450 475 65
16 220 240 250 255 35 160 170 185 200 40 240 255 265 270 30
1/ 290 300 310 330 40 220 230 230 235 15 250 270 285 500 50
18 310 320 340 355 45 260 275 295 305 45 310 330 350 355 45
19 250 270 275 285 35 220 245 250 265 45 340 360 385 415 75
20 180 200 205 20? 2? 120 ■ '3? 140 20 270 280 2»
Sum 5820 6155 i n *??? 70? 4120 k} 90 5560 4755 825 8880 7*Z° 7480 7Z20 840
Mean 2J1.0 307.8 V h l 32 8.3 20&.0 219.5 228.0 237.8 3 & .0 ? 7 M 388.0 42 .0
Mean Gain
Over Pre- 16.8 9.5 9.0 13.5 8.5 9 .8 14.5 15.5 12.0
vious Read Lng
% Gal n 6 3 3 12 6 .6 3 .9 4 .3 15.2 4 .2 4 .3 3.2 12,2
M i l  strength measurements are In foo t pounds o f pressure.
APPENDIX T
PERIODIC MEASUREMENTS OF STRENGTH AS MEASURED BY THE TORQUE TABLE FOR THE BELOW AVERAGE
GROUP PERFORMING ISOMETRIC EXERCISES TWO DAYS PER WEEK
GROUP F
Bench Press Leg Curl Leo Extension
in i­ In i ­ In i ­
Stu­ t ia l 2nd 4th 6 th t ia l 2nd 4th 6 th t ia l 2nd 4th 6 th
dent Test Week Week Week Gain Test Week Week Week Gain Test Week Week Week Gain
1 210 aio 225 235 25 170 180 1*5 195 25 330 345 355 370 40
2 310 315 330 350 40 190 195 205 210 20 280 330 375 420 40
3 230 245 250 260 30 280 295 310 320 40 350 360 385 400 50
4 420 435 440 465 45 250 270 285 290 40 500 500 495 510 10
5 350 345 350 350 0 270 285 300 305 35 430 445 465 495 65
6 330 330 325 320 10 200 220 235 235 35 390 400 420 435 45
7 250 260 275 295 45 170 180 195 195 25 350 370 385 395 45
8 170 180 185 190 20 170 185 185 190 20 250 285 290 29C 40
9 220 215 240 250 30 180 180 190 195 15 350 375 380 390 40
10 270 285 300 300 30 190 195 205 215 25 310 315 330 350 40
11 220 245 250 255 35 150 160 175 170 20 290 360 375 415 125
12 300 315 330 345 45 240 255 260 270 30 430 440 465 490 60
13 360 370 375 375 15 180 185 180 190 10 260 275 300 300 40
14 370 375 380 385 15 170 180 185 195 25 400 405 410 420 20
15 300 320 345 350 50 230 240 255 275 45 300 320 330 340 40
16 230 250 245 250 20 200 205 215 225 25 380 400 390 390 10
17 260 265 270 275 15 170 180 190 200 30 280 300 315 325 45
18 250 260 285 290 40 220 225 250 260 40 420 415 435 440 20
19 250 260 275 295 45 160 180 185 185 25 390 390 400 390 0
20 260 280 2te 35 200 210 215 220 20 }20 32° } 2? J60 40
Sum 5?{j° 5770 53$o * 12° 39° 3990 4205 4405 4540 550 7010 7 } | ° 7 « 5 79*5 815
Iftan 171,0 288.5 238,0 3 < *i5 29.5 'H i ? *1 0 .3 220f ? 227|0 27t? 361.0 }8 i t J 39&t3 t o .8
Me«n Gain
Over P re- 10.5 9.5 8.5 10.8 10.0 6 .7 17.5 13.3 15.0
vious Read 1ng
% Gal n 4 3 3 11 5 .4 4 .8 3 13.8 5 5 3 .9 11.6
M U  strength  measurements are In foo t pounds o f pressure,
APPENDIX U
WEEKLY MEASUREMENTS OF YARDS RUN IN ONE MINUTE BY THE MEN WHO SCORED
ABOVE AVERAGE ON THE HARVARD STEP TEST WITH A TRAINING
SCHEDULE OF ONE RUN FIVE DAYS PER WEEK
GROUP G
S tu d e n t
I n i t i a l
T e s t
2nd
Week
3rd
Week
4 t h
Week
5 th
Week
6 th 
Week Gai n
1 340 354 374 360 380 390 50
2 345 390 390 385 405 405 110
3 392 392 400 415 403 415 23
4 371 385 41 2 400 399 417 46
5 380 380 378 383 395 408 28
6 368 390 395 393 370 387 19
7 345 370 375 370 375 385 40
8 330 350 365 365 373 375 45
9 400 408 415 422 435 432 32
10 385 395 375 380 395 395 30
1 1 347 360 375 370 378 380 33
12 320 330 330 330 325 330 10
13 365 - 395 395 410 407 42
14 380 372 360 378 391 385 5
15 370 395 410 413 415 405 35
16 360 360 365 385 390 400 40
17 392 408 418 413 400 413 56
18 350 350 373 360 372 381 31
19 340 365 370 365 370 380 40
20 340 357 361 J 6 7 360 m 25
T o ta l 7200 7111 7636 7649 7741 7855 740
Mean 3 6 0 . 0 3 7 4 .3 381 .8 3 8 2 .5 387.1 3 9 2 .8 37
Mean G ain  Over  
P re v io u s  Reading Z - L  . .7 4 . 6 5 J
85
APPENDIX V
WEEKLY MEASUREMENTS OF YARDS RUN IN ONE MINUTE BY THE MEN WHO SCORED
BELOW AVERAGE ON THE HARVARD STEP TEST WITH A TRAINING
SCHEDULE OF ONE RUN FIVE DAYS PER WEEK
GROUP H
S t u d e n t
I n i  t i a )  
Tes t
2nd
Week
3rd
Week
4 t h
Week
5 th  
Week
6 th  
Week Gai n
1 340 363 385 393 4 00 400 60
2 405 405 421 435 430 440 35
3 36 9 385 373 375 370 375 6
4 345 360 345 350 353 368 23
5 380 375 395 395 385 4 0 9 29
6 360 365 365 357 355 365 5
7 380 360 380 400 397 395 15
8 365 385 395 400 4 1 0 41 0 45
9 355 335 387 400 412 4 20 65
10 386 386 395 3 8 9 402 415 29
1 I 402 406 420 435 413 422 20
1 2 345 370 380 393 375 395 50
13 360 375 380 395 398 4 0 0 40
14 350 375 362 370 3 7 9 385 35
15 360 395 380 375 378 380 20
16 398 400 4 0 0 410 4 0 8 412 14
17 345 385 397 415 435 435 90
18 350 355 374 397 403 4 1 0 60
19 362 384 380 391 390 395 33
20 m . „ JL28 J 2 7 330 335 . m ..... 5
T o t a l 7282 7542 7641 780_£ _ 7828 7961 6 7 9
Mean 3 64 .1 3 7 7 J 382 .1 3 9 0 .3 391 . 4 3 96 .1 3 3 . 9
Mean G a in  Over  
P r e v i o u s  Readinq 1 3 . 0 5 . 0 8 . 2 1 .1 6 . 7
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APPENDIX W
WEEKLY MEASUREMENTS Of YARDS RUN IN ONE MINUTE BY THE MEN WHO SCORED
ABOVE AVERAGE ON THE HARVARD STEP TEST WITH A TRAINING
SCHEDULE OF ONE RUN THREE DAYS PER WEEK
GROUP I
S t u d e n t
I n i t i a l
T e s t
2nd
Week
3rd
Week
4 t h
Week
5 th  
Week
6 t h
Week Ga i n
1 356 371 375 365 367 370 14
2 357 365 371 370 370 372 13
3 325 355 - 395 383 385 20
4 370 380 355 381 388 390 20
5 360 380 390 390 390 400 40
6 368 378 383 385 395 394 26
7 378 385 393 387 388 399 21
8 390 385 395 388 417 415 25
9 415 405 4 0 8 417 420 423 8
10 352 352 365 370 375 387 29
11 394 417 425 4 2 9 - 432 38
1 ? 385 390 400 405 403 410 25
13 360 367 365 370 387 394 34
14 345 355 387 401 400 405 60
15 365 382 400 417 421 415 50
16 387 393 400 420 422 425 38
17 374 390 410 408 413 41 2 38
18 355 367 380 370 368 364 9
19 380 387 393 4 0 8 400 400 20
20 3 88 403 417 41 9 423 430 42
T o t a l 7404 7607 7412 7896 7530 8022 570
Mean 3 7 0 . 2 3 8 0 . 4 3 9 0 . 0 3 9 k , 8 3 9 6 . 3 401 .1 1 8 .5
Mean Gai n Over  
P r e v io u s  Reading 1 0 .2 . 2 A k . 8 1 .5 4 . 8
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APPENDIX X
WEEKLY MEASUREMENTS OF YARDS RUN IN ONE MINUTE BY THE MEN WHO SCORED
BELOW AVERAGE ON THE HARVARD STEP TEST WITH A TRAINING
SCHEDULE OF ONE RUN THREE DAYS PER WEEK
GROUP J
S tu d e n t
In i  t i a l  
T e s t
2nd
Week
3 rd
Week
4  th
Week
5 th  
Week
6 t h
Week Gai  n
1 390 415 4 2 0 4 23 4 2 0 4 15 25
2 355 372 385 4 0 0 405 4 1 0 55
3 3 5 9 370 378 381 3 80 3 8 4 25
4 4 2 0 4 3 7 445 4 4 9 4 3 7 445 25
5 370 372 375 - 395 397 27
6 363 377 360 3 4 4 382 393 30
7 345 - 370 385 3 9 9 41 2 67
8 365 371 377 381 383 380 15
9 367 382 386 385 390 394 27
1 0 367 360 355 370 365 3 6 8 1
1 1 4 0 0 4 2 7 443 415 4 3 8 443 43
1 2 385 393 387 4 03 41 2 4 1 0 25
13 3 5 9 372 3 7 9 391 403 415 56
14 362 398 390 388 405 415 53
15 335 340 365 370 368 365 30
16 38 8 387 403 4 0 7 41 0 4 05 17
17 365 375 382 390 396 4 0 0 35
18 335 341 342 357 360 353 18
1 9 365 374 387 394 390 386 21
20 380 385 -v
i 00 3 8 9 353 . . J .27 17
T o t a l _______ Z1Z5___________7 2 4 8  770 7  742 2  7931 7987  6 1 2
Mean 3 6 8 , 8  3 8 I . 5  385  . 4  3 9 0 . 6  3 9 6 . 6  3 9 9 . 4  3 0 . 6
Mean G a i n  Over
P r e v i o u s  R e a d in g ________ 1 2 . 7 _____ 3 . 9 ______ 5 . 2 ______ 6 . 0 ______ 2 . 8 ____________
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APPENDIX Y
WEEKLY MEASUREMENTS OF YARDS RUN IN ONE MINUTE 8Y THE MEN WHO SCORED
ABOVE AVERAGE ON THE HARVARD STEP TEST WITH A TRAINING
SCHEDULE OF ONE RUN TWO DAYS PER WEEK
GROUP K
S tu d e n t
I n i t i a l
T e s t
2nd
Week
3rd
W*ek
4 t h
Wetk
5 th  
Week
6 th 
Week Ga i n
1 355 360 357 368 371 375 20
2 365 380 368 382 378 387 22
3 373 388 380 397 395 397 24
4 435 450 440 441 443 445 1 0
5 372 405 407 395 410 400 28
6 378 380 368 375 390 383 5
7 370 380 372 378 381 380 10
8 360 371 387 389 397 400 40
9 370 380 - 405 387 385 15
10 360 360 358 362 369 367 7
1 1 355 360 378 384 391 400 45
12 385 400 397 3 99 400 402 17
13 340 350 3 59 370 367 363 23
14 362 370 375 378 38o 383 21
15 395 390 400 402 415 417 22
16 375 380 381 382 386 387 7
17 415 415 420 430 425 432 17
18 360 360 367 370 370 378 18
19 360 365 368 372 381 390 30
20 370 380 385 3 8 9 386 385 15
T o t a l 7455 7624 7267 7768 7822 2 8 5 6 396
Mean 3 7 2 . 8 381 .2 3 8 2 . 5 3 8 8 . 4 391 .1 3 9 2 . 8 1 9 . 8
Mean G a in  Over  
P r e v io u s  Reading 8 . 4 2 ^ 2  . ...2 i Z ... 1 . 7
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APPENDIX Z
WEEKLY MEASUREMENTS OF YARDS RUN IN ONE MINUTE BY THE HEN WHO SCORED 
BELOW AVERAGE ON THE HARVARD STEP TEST WITH A TRAINING
SCHEDULE OF ONE RUN 
GROUP
TWO DAYS 
L
PER WEEK
S t u d e n t
I n i t i a l  
Tes t
2nd
Week
3 r d
Week
4 t h
Week
5 th  
Week
6 t h
Week G ai  n
1 370 375 377 382 381 380 10
2 35** 371 380 381 386 387 33
3 340 360 378 387 40 4 3 8 9 4 9
4 370 380 385 3 8 9 386 390 20
5 325 333 328 3 40 347 355 30
6 355 350 365 3 7 8 381 387 32
7 345 341 342 340 347 350 5
8 350 370 367 368 366 365 15
9 340 345 340 348 3 50 357 17
I 0 385 3 7 8 3 8 9 401 4 0 0 4 0 8 23
1 1 350 358 360 365 368 377 27
1 2 348 350 361 367 3 6 8 3 6 9 21
13 330 3**0 341 343 347 345 15
14 380 393 3 9 9 395 394 394 14
15 335 341 345 356 357 3 60 25
16 350 358 360 367 371 370 20
17 345 355 361 365 384 385 40
1 8 325 3 2 9 330 335 338 342 17
1 9 380 386 3 9 9 401 405 4 03 23
20 300 3Q5 316 318 320 322 22
T o t a l 6 9 7 7 71 1 8 7223 7326 7400 7 4 3 5 * 5 8
Mean 3 4 8 , 9 3 5 5 , 9 361 .2 3 6 6 . 3 3 7 0 . 0 3 7 1 . 8 2 2 . 3
Mean G a in  Over
P r e v i o u s Read i nq 7 . 0 5 , 3 3 * 7  _ 1 . 8
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APPENDIX AA
COMPUTATION OF A t  STATISTIC FOR SIGNIFICANCE OF GAIN FOR GROUPS
FOLLOWING A TRAINING SCHEDULE OF FIVE DAYS PER WEEK
y = _ e r r g r  MS ,  J -QgZ-P -  . 6 3i*
B
S = -  .796
XB
M -  0
S _
XB
10.6
. 796
1 3 . 3 2  ( S i g n i f i c a n t  a t  the  1 per  cen t  l e v e l )
V _  = V a r i a n c e  o f  the  mean
XB
S _  = S ta n d a rd  e r r o r  o f  e s t i m a t e  f o r  a sample
x.
t  s t a t i  s t i c
M = Mean
N Number o f s tudents
APPENDIX BB
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COMPUTATION OF A t  STA TISTIC  FOR SIGNIFICANCE OF GAIN FOR GROUPS
FOLLOWING A TRAINING SCHEDULE OF THREE DAYS PER WEEK
v = .e- r.r o r  MS 5 0 . 7 0  ,  63i+
v -  N 5o
XB
s _  -  J .63k = .796
XB
M -  0
S 
xB
= 1 1 . ^ 2  ( S i g n i f i c a n t  a t  th e  1 p e r  c e n t  l e v e l )
___ *  V a r i a n c e  o f  t h e  mean
XB
_  ■ S t a n d a r d  e r r o r  o f  e s t i m a t e  f o r  a sam ple
XB
t  *  t  s t a t i  s t i c
M *  Mean
N Number o f  s tu d e n ts
APPENDIX CC
COMPUTATION OF A t  STATISTIC FOR SIGNIFICANCE OF GAIN FOR GROUPS
FOLLOWING A TRAINING SCHEDULE OF TWO DAYS PER WEEK
= e r r q r  MS ,  « . 6 3A
XB
-  V .63*+ -  .796
XB
M -  0
S _
XB
_ _ L J L l _£. 
.796 = 9 .1 7  ( S i g n i f i c a n t  a t  the  1 per  cen t  l e v e l )
_  = V a r ia n c e  o f  the mean
XB
Stand ard  e r r o r  o f  e s t i m a t e  f o r  a sample
XB
•• t s t a t i s t i c
= Mean
+ Number o f s tudents
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APPENDIX DD
COMPUTATION OF AN F RATIO IN THE BENCH PRESS TEST FOR MEN WHO
PARTICIPATED IN THE ISOtCTRIC EXERCISES
d . f SS MS F P
T o ta l 1 1 9 104037
Cond i t  i on 1 240 240 <1
Ac t i v i ty 2 29052 14526 2 3 . 1 7 .01
C o n d i t io n  by A c t i v i t y 2 3317 1658 2 . 6 4
E r r o r 1 14 71428 627  -  c r 2
F *  - T F * -  f  -  - f -
O'2
_ 14^26 = I6 i_ 8 _
r 627  5 2 7
F = 2 3 . 1 7  F -  2 . 6 4
F = F r a t i o
MS *  Mean sq u a re  betw een g roup  means
ff~2 ■ Mean sq u a re  w i t h i n  groups
APPENDIX EE
COMPUTATION OF AN F RATIO IN THE LEG CURL TEST FOR MEN WHO
PARTICIPATED IN THE ISOMETRIC EXERCISES
d . f SS MS F P
T o ta l 119 50925
Cond i t  i on 1 35 35 < '
Ac t  i v i ty 2 20180 10090 5 6 . 6 2
C o n d i t i o n  by A c t i v i t y 2 108 54 <1
E r r o r 1 20323 1 7 8 .2
. 01
MS
10090 
"  1 7 8 . 2
F -  5 6 . 6 2
F » F r a t i o
MS *  Mean square  between group means
j*2  *  Mean square w i t h i n  groups
95
APPENDIX FF
COMPUTATION OF AN F RATIO IN THE LEG EXTENSION TEST FOR MEN WHO
PARTICIPATED IN THE ISOMETRIC EXERCISES
d . f SS MS F P
T o ta l 1 I 9 5 4 8 4 5 0
Cond i t  i on 1 333 333 <1
Ac t i v i ty 2 27020 13510 2 . 9 6
C o n d i t io n  by A c t i v i t y 2 6 4 4 322 <1
E r r o r 1 14 520453 4565
MS
F
F
MS
<rz
0 -2
13510
S S S T
2.96  
F r a t  i o
Mean s q u a re  betw een  g ro u p  means 
Mean s q u a re  w i t h i n  g roup s
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APPENDIX GG
COMPUTATION OF AN F RATIO IN THE RUNNING TEST FOR MEN WHO
PARTICIPATED IN THE RUNNING ACTIVITIES
d . f -------- MS F P. .
T o ta l  
Condi t  i on
119
1
134899
15 15 <1
A c t i v i  ty 2 1+024 2012 1 .75
C o n d i t io n  by A c t i v i t y 2 218 109 <1
E r r o r 1 11+ 130642 1 1 4 5 .9
2012
1 1 ^ 5 . 9
F 1 .75
F *  F r a t i o
MS *  Mean squ are  between group means
0 -2  ■ Mean sq u are  w i t h i n  groups
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APPENDIX HH
COMPUTATION OF THE LINEAR OR NON-LINEAR RELATIONSHIP BETWEEN
FREQUENCIES OF TRAINING AS RELATED TO
THE HARVARD STEP TEST
2 days  
p e r  week
3 days  
p e r  week
5 days  
p e r  week
Sum o f  O b s e r v a t i o n s  5 8 4 7 2 7 . 2 8 4 8 . 8
L i n e a r -1 1
Q uadra  t  i c I - 2 1
SSj 1 d . f . — Sum o f  s q u a re s  f o r l i n e a r  r e l a t i o n s h i p  w i t h  1 d . f .
SS] 1 d . f . ( 8 4 8 . 8 . -  5 8 4 . Q ) 2 ( 2 6 4 . 8 )  2 4 3 8 . 2 4 480  ( I  +  ( - 1 ) 160
SSq  1 d . f .  * 
SSq  1 d . f .  «
Sum o f  s q u a re s  f o r  q u a d r a t i c  r e l a t i o n s h i p  w i t h  I d . f .
2 , / 4 2
-  -  . 9 7 2
[ 8 4 8 . 8  ♦  5 8 4  -  2 X
lo W  ~ V  72l<2} -( I z + 7l  *  12) 580
L i n e a r  r e l a t i o n s h i p  
Q u a d r a t i c  r e l a t i o n s h i p
4 3 8 . 2 4 4
- >972
4 3 9 * 2 1 6  ( A c t u a l  sum o f  s q u a r e s  ■ 4 3 9 . 9 6 )
4 3 8 . 2 M *
5 0 . 7 0
8 . 6 4 *
^ S i g n i f i c a n t  a t  t h e  one p e r  c e n t  l e v e l
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APPENDIX I I
COMPUTATION OF THE LINEAR OR NON-LINEAR RELATIONSHIP BETWEEN
FREQUENCIES OF EXERCISING AS RELATED TO BENCH PRESS
PERFORMANCE
2 days 3 days 5 days
______________________________ p er  week_________ p e r  week______ p er  week
Sum o f  O b s e r v a t io n s  1 2 9 6 .0  2 3 8 0 . 0  2 7 6 4 . 0
L i nea r  -1 1
Q u a d r a t  i c_______________________ 1__________________ ^2_______________ 1_____
SSj 1 d . f .  *  Sum o f  squares  f o r  l i n e a r  r e l a t i o n s h i p  w i t h  1 d . f .
, . ,  (2764  -  1 2 9 6 ) 2 ( 1 4 6 8 ) 2 2155024 _  Q
SS1 1 d - f * V> 0 Z ♦  T - ' ) r ) SO So 26937.8
SS^ 1 d . f .  •  Sum o f  squares  f o r  q u a d r a t i c  r e l a t i o n s h i p  w i t h  1 d . f .
ss„ 1 d . f .  -  & < * +  1 2 *  -  * . ? 2?8° ) Z .  ± 2 S S ll .  itaoooo _ m ,
40  (1 + 2 + 1 ) 240 240
L i n e a r  r e l a t i o n s h i p  2 6 9 3 7 . 8  
Q u a d r a t i c  r e l a t i o n s h i p  + 2041
2 8 9 7 8 . 8  (Actua l  sum o f  squares  *  29052 )
F ■ . M.**
^ S i g n i f i c a n t  a t  the one p e r  c e n t l e v e l
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APPENDIX JJ
COMPUTATION OF THE LINEAR OR NON-LINEAR RELATIO NSHIP BETWEEN
FREQUENCIES OF EXERCISING AS RELATED TO LEG CURL
PERFORMANCE
2 days  
p e r  week
3 days 5 days  
p e r  week p e r  week
Sum o f O b s e r v a t i o n s  1176 1776 2 4 4 4
L i n e a r -1 1
Q u a d r a t  i c 1 - 2  1
ss 1 1 d . f . -  Sum o f  s q u a r e s  f o r l i n e a r  r e l a t i o n s h i p  w i t h  1 d . f .
SS1 1 d . f .
( 2 4 4 4  -  1 1 7 6 ) 2 ( 1 2 6 8 ) 2 160 7 8 2 4
200 97
4o ( l 2 + ( - 1 ) 2 ) 80  80
SSQ 1
d . f . ■ Sum o f  s q u a r e s  f o r q u a d r a t i c  r e l a t i o n s h i p  w i t h  1 d . f .
SSQ 1 d . f .
( 2 4 4 4  +  1 1 76 -  2 X 1 7 7 6 ) 2 ( 6 8 ) 2 4 6 2 4 1 9 . 2 6
4 0  ( 1 2 +  2 2 + 12 ) 240  240
L i n e a r  r e l a t i o n s h i p  20097
Q u a d r a t i c  r e l a t i o n s h i p  _ + _____ 1 9 . 2 6
~  201 l b . 26 ( A c tu a l  sum o f  s q u a r e s  *  2 0 1 8 0 )
p  «  .2- ° ? ? 7  «  1 1 2 . 2 *
1 78.2
* S i g n i f i c a n t  a t  th e  one p e r  c e n t  l e v e l
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APPENDIX KK
COMPUTATION OF THE LINEAR OR NON-LINEAR RELATIONSHIP BETWEEN
FREQUENCIES OF EXERCISING AS RELATED TO LEG EXTENSION
PERFORMANCE
2 days 3 days 5 days
per  week
Sum o f  O b s e r v a t io n s 1656 2496 31 20
L i nea r -1 1
Quadra t i c 1 - 2 1
SS1 I d . f .  *■ Sum o f  squares  f o r  l i n e a r  r e l a t i o n s h i p  w i t h  1 d . f .
ss , „ . f . .  P I2 0  -  16561* .  .  1142126 .  26791
4o (1 + (~ I ) ) 80 80
SSq  1 d . f .  -  Sum o f  squares  f o r  q u a d r a t i c  r e l a t i o n s h i p  w i t h  1 d . f .
ss 1 „.f. . ♦j.fM -»« * asif-. ± a a i -  ws§.,».»
40 (1  + 2 +  I ) 240 240
L i n e a r  r e l a t i o n s h i p  2 6 7 9 1 . 0
Q u a d ra t  c r e l a t i o n s h i p  +  1 9 4 .4
2 6 9 8 5 . 4  (A c tua l  sum o f  squares  *  27020)
t S H * -  -  5 - 87*
■ ^ S i g n i f i c a n t  a t  the one p er  c en t  l e v e l
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APPENDIX LL
COMPUTATION OF THE LINEAR OR NON-LINEAR RELATIO NSHIP BETWEEN
FR EQ U EN C IES OF EXERCISING AS RELATED TO RUNNING
PERFORMANCE -
2 days 3 days 5 days
Sum o f  O b s e r v a t i o n s 856 1184 1420
L i n e a r -1 1
Q u a d r a t  i c 1 * 2 I
SS,
SS
1 d . f , Sum o f  s q u a r e s  f o r  l i n e a r  r e l a t i o n s h i p  w i t h  I d . f .
, d f .  tlMO - 8 5 6 ) * ----------------------_ 118036_ .  3976. 2
4 0  (1 +  ( - 1 )  ) 80 80
SS.
ss.
1 d . f .  ■ Sum o f  s q u a r e s  f o r  q u a d r a t i c  r e l a t i o n s h i p  w i t h  1 d . f ,
d f  ( 1 4 2 0  +  856  -  2 X 1 1 8 4 ) *  _ ( - 9 2 ) _  8 4 6 4
4 0  ( 1 2 +  2 2 + t 2 ) 240  240
3 5 . 2 6
L i n e a r  r e l a t i o n s h i p  
Q u a d r a t i c  r e l a t i o n s h i p
f  .  m k z i  
1 1 4 5 . 9
3 . 4 7 ’
3 9 7 6 . 2  
• 3 5 . 2 6
4 0 1 1 . 4 6  ( A c t u a l  sum o f  s q u a r e s  -  4 0 2 4 )
^ S i g n i f i c a n t  a t  t h e  f i v e  p e r  c e n t  l e v e l
APPENDIX MM
IBM CODE SHEET FOR COMPUTATION OF ANALYSIS OF
26000080000 9RS A1I Cards
COMPONENT SUMS OF SQUARES DF I D .  -  00001
TOTAL SS 3510916 0240 R
COR FACTOR 1 91*3280 Q0G1
TOTAL COR 1567636 023 9  A
R 314071 01 B
A 2940 01
RA 951 0001
B 43996 02
AB 1 982* 0002
RB 45811 0002
RAB 2486 0002
ERROR A 951 0001
ERROR B 47674 0004
FACTORIAL 48625 0005
Ac t  i v i ty
COMPONENT SUMS OF SQUARES DF I D .  -  00002
TOTAL SS 449650 0120 R
COR FACTOR 345613 0001
TOTAL COR 104037 01 1 9 A
R 240 01
A 2 9052 02
RA 3317 0002
ERROR A 3317 0002
FACTORIAL 3317 0002
VARIANCE
(Step T e s t )
Cond i t  i on 
Act  i v i ty  
Frequency
(Bench Pre
Cond i t  i on 
Act i vi  ty
APPENDIX MM (CONTINUED)
103
COMPONENT SUMS OF SQUARES DF
TOTAL SS 293475 01 20
COR FACTOR 242550 0001
TOTAL COR 50925 01 1 9
R 35 01
A 201 80 02
RA 108 0002
ERROR A 108 0002
FACTORIAL 1 08 0002
COMPtt'fENT SUMS OF SQUARES DF 1
TOTAL SS 5 4 8 4 5 0 01 20
COR FACTOR 44 0 4 4 0 0001
TOTAL COR 108010 01 1 9
R 333 01
A 27020 02
RA 6 44 0002
ERROR A 6 4 4 0002
FACTORIAL 644 0002
COMPONENT SUMS OF SQUARES OF 1
TOTAL SS 134 899 0120
COR FACTOR 99475 0001
TOTAL COR 35424 01 1 9
R 15 01
A 4 0 2 4 02
RA 218 0002
ERROR A 218 0002
FACTORIAL 218 0002
A c t i v i  t y  01 
I D .  *  00003
A c t i v i  t y  01 
. -  0 0 0 0 4
Ac t  i v i t y  02 
. « 00002
(Leg C u rl )
(Leg E x t . )
(Runn i ng)
APPENDIX NN 
THE TORQUE TABLE
A - I
A - 2
Le v e rs  A - l  and A -2  a r e  arm l e v e r s .  Torque gauge G - l  reco rd s  the f o r c e  e x e r t e d  
In  e i t h e r  d i r e c t i o n  on l e v e r s  A - l  and A - 2 .  The a n g le  o f  p u l l  on these  l e v e r s  is  
a d j u s t a b l e  by means o f  a s e t  screw (X) .
L e v e r  (L) is  a leg  l e v e r .  Torque gauge G-2  rec o rd s  the f o r c e  e x e r t e d  on l e v e r  L .  
T h is  l e v e r  is  a d j u s t a b l e  through  1 8 0 °  and can be used to  measure the f l e x o r  and 
e x t e n s o r  s t r e n g t h  o f  the muscles p a s s i r g  o v e r  the knee .  The f o o t  pad (C) may be 
a d j u s t e d  up and down the s h a f t  o f  the  leg  l e v e r .
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APPENDIX 00
DIAGRAM OF RUNNING COURSE
—  X 1 0  
L  930  
L  340 
L  J/O
340
—
— 4(0 
- 4 2 0
— 44#
The above c o u rs e  was l a i d  o u t  on th e  L o u is ia n a  S t a t e  U n i v e r s i t y  
P h y s i c a l  E d u c a t io n  f i e l d  and was used as th e  c o u rs e  f o r  a l l  ru n n in g  
g roup s  in  t h i s  s t u d y .
The s u b je c t s  s t a r t e d  a t  A and p ro c e e d e d  t o  JB, and f i n a l l y  
to w a rd  A a g a i n .  Y a r d  m a rk e rs  w ere  p la c e d  a lo n g  a c y c lo n e  fe n c e  e v e r y  
f i v e  y a rd s  p a r a l l e l  t o  l i n e  CA.
A d e t a i l e d  d e s c r i p t i o n  o f  t h i s  t e s t i n g  p ro c e d u re  is  g iv e n  in  
C h a p te r  I I I .
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APPENDIX PP 
HARVARD STEP TEST
The above p i c t u r e  shows th e  a r ra n g e m e n t  o f  equ ipm ent  f o r  the  
a d m i n i s t r a t i o n  o f  the  H a rv a r d  S tep  T e s t .  A d e t a i l e d  d e s c r i p t i o n  o f  the  
t e s t i n g  p roce dure  is g i v e n  in  C h ap te r  I I I .
p o si 
pos i
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APPENDIX Qft 
BENCH PRESS
The above  p i c t u r e  shows a s i d e  v i e w  o f  a s u b j e c t  in  th e  c o r r e c t  
t i o n  f o r  t h e  bench p r e s s .  A d e t a i l e d  d e s c r i p t i o n  o f  t h i s  t e s t i n g  
t i o n  and t e s t i n g  p r o c e d u r e  is  g i v e n  i n  C h a p t e r  I I I .
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APPENDIX RR 
FLEXION OF THE LEGS
The s t u d e n t  in  the  pho tograph  above is  d e m o n s t r a t in g  the c o r r e c t  
p o s i t i o n ,  s i d e  v ie w ,  f o r  the  f l e x i o n  o f  the  legs  t e s t .  A d e t a i l e d  
d e s c r i p t i o n  o f  t h i s  t e s t i n g  p o s i t i o n  and t e s t i n g  p ro c e d u re  is g iv e n  
i n C h a p te r  I f  i .
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APPENDIX SS 
EXTENSION OF THE LEGS
T h i s  p h o to g r a p h  shows a s i d e  v i e w  o f  a d e m o n s t r a t o r  in  c o r r e c t  
p o s i t i o n  f o r  t h e  e x e c u t i o n  o f  t h e  e x t e n s i o n  o f  th e  le g s  t e s t .  A 
d e t a i l e d  d e s c r i p t i o n  o f  t h i s  t e s t i n g  p o s i t i o n  and t e s t i n g  p r o c e d u r e  is  
g i v e n  in  C h a p t e r  I I I .
VITA
The au th o r  was born in New O r lean s ,  L o u is ia n a  on January 13,
1935.  His e lem enta ry  and high school e d u ca t io n  was completed in 
A l e x a n d r i a ,  L o u is ia n a ,  where he was graduated from Bo lton High School 
in 1953.
He ac q u ire d  the Bachelor  o f  Sc ience degree from Northwestern  
S t a t e  C o l le g e  in N a tc h i to c h e s ,  L o u is ia n a ,  w i t h  a major  in Physical  
E ducat ion  in 1957.  The M a s t e r 's  degree was o b ta in ed  a t  Northwestern  
S t a t e  C o l leg e  in 1958.
His doc tora l  work was i n i t i a t e d  a t  L o u is ia n a  S t a t e  U n i v e r s i t y  
in  1959, and the Doctor  o f  Educat ion  degree ,  w i th  a major  in Physical  
E d u ca t io n ,  was awarded in the summer o f  1963-
The au th o r  has been employed in the p u b l i c  schools o f  East  
Baton Rouge P a r is h  and Northwestern  S t a t e  C o l le g e  where he is p r e s e n t l y  
teach ing  phys ica l  e d u c a t io n .
He is  a member o f  the L o u is ia n a  A s s o c ia t io n  fo r  H e a l t h ,  Physical  
Educat ion  and R e c r e a t io n ;  the American A s s o c ia t io n  f o r  H e a l t h ,  Physical  
Educat ion  and R e c r e a t io n ;  the C o l leg e  Phys ica l  Educat ion  A s s o c ia t io n ;
Phi E p s i lo n  Kappa; and Phi D e l t a  Kappa.
The au th o r  has c o n t r i b u t e d  sev e ra l  a r t i c l e s  to  the p r o fe s s io n a l  
p u b l i c a t i o n s  in the f i e l d  o f  H e a l t h ,  Phys ica l  E d uca t io n ,  and R e c r e a t io n .
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